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The reactions of c43, YS-unsaturated diazoalkenes in which a 
thiophene ring forms part of the unsaturated system have beeninves-
tigated. 
Where the 43-double bond is contributed by the thiophene ring 
and the Y&-double bond is olefinic, a 1, 7-electrocyclisation involving 
the formal 7T-bonds of the thiophene occurs to give thieno[l, 2]diaze-
pines. The reaction proceeds in two steps, the 7-membered ring is 
formed by an 8IT 1, 7-electrocyclisation causing loss of aromaticity 
of the thiophene ring. This is followed by a [1, 5] hydrogen shift which 
re-aromatises the ring. 
Similar reactants in which the y6-double bond was aromatic 
failed to cyclise and reacted via carbenic routes; apparently the 
required loss of aromatisation of two aromatic rings raises the activation 
energy of 1, 7-electrocyclisation relative to carbene formation. In 
these reactions, the 2-thienyl and 3-thienyl carbenes exhibited 
completely different modes of reaction. 
The effects of various potential migrating groups other than 
hydrogen in the second stage of the reaction of such systems were also 
examined. In all cases, when both of the terminal substituents on the 
diazoalkene were groups other than hydrogen, the cyclisation reaction 
was completely inhibited, and carbene formation again occurred. 
Further study using E and Z alkenyl groups showed that this inhibition 
was due to steric hindrance of the cyclisation step rather than failure 
of the substituent to undergo sigmatropic migration in the second step. 
Some benzo- and thieno[l, 2]diazepines which were obtained in 
the course of these studies were subjected to acylation reactions. Most 
of this work was carried out on the 4-phenyl-2, 3-5H-benzodiazepine 
system. Acylation using acid chlorides gave 3-phenylisoquinoline 
N-imine hydrochloride salts. The proposed ring contraction mechanism 
involves elimination of hydrogen chloride from an irniniurn salt inter-
mediate. When acid anhydrides were used, the intermediate could be 
trapped with external nucleophiles to give benzodiazepine derivatives 
functionalised at the 1-position of the seven-membered ring. 
The Synthesis and Acylation of Some Thieno- and 
Benzo[ 1 . Zldiazepines. 
Page No. 
INTRODUCTION 














Intermolecular 1, 3-Dipolar Cycloadditions 
	
5 
Intramolecular 1, 3-Dipolar Cycloadditions 
	13 




Effect of Sàlvent Polarity 
	
39 
Effect of Base Concentration 
	
42 
Effect of Base Nature 
	
44 
3) BENZ ODIA ZE PINES AND THIENODJAZEPINES 47 
4) 
A. 	2, 3-Benzodiaze pines and 2, 3-Thienodiaze- 
pines. 
THERMAL [i, j] SIGMATROPIC MIGRATIONS 
[1, j] Hydrogen Migrations 
[1,j] Carbon Migrations 1) A1.kyi Groups 
2) Aromatic Groups 
3) Carbon Functional Groups 
Organometallic Group Shifts 
Relative Rates of Migration 














The first known diazoalkane was diazoacetic ester (1), prepared 
by Curtius ' in 1883 by treatment of glycine ethyl ester hydrochloride 
with potassium nitrite. 
KNO2 
C 2H5CO2-CH 2-IlH3Cl 	 C 2H5CO2-CH=N 2 +KC1 +H20 
(1) 
The simplest diazoalkane, diazomethane, has the molecular formula 
CH2N2 and is a highly toxic, yellow gas, explosive at room temperature. 
It has been shown to have a linear, planar structure by electron diffrac-
tion2 and microwave spectroscopic  techniques. It is best represented 
electronically as a resonance hybrid, comprising linear structures with 
opposing dipoles. 
+ 	- 	- 	 - 
CH =N=N 	CH2-N=N : CH2-NEN - CI-12-N=N 
This representation is supported by the dipole moment (1.4D) and the 
1.300 	1.139 	13 
bond lengths (..0 	N 	N). 	C N. m. r. spectroscopy 
has been used  to show that the carbon in diazomethane has a high 
electron density (23. 1), showing the large contribution from the 
structures with a negative charge on the carbon atom. 
The thermal stability of higher homologues depends on the nature 
of the substituents. Conjugating substituents always increase stability 
regardless of whether they are electron releasing or electron withdrawing. 
2 
Non-conjugating electron withdrawing substituents increase stability 
as they favour a resonance structure having a formal carbanion 
(R 2-(5-i 2), whereas non-conjugating electron releasing substituents 
decrease stability as they favour a formal positive charge on the carbon 
atom (R 2--N2). Consequently, although diazomethane and diazoethane 
are unstable gases under normal atmospheric conditions, diazoalkanes 
having carbonyl, aryl, nitrile, or fluorinated substituents are more 
stable, and may be conveniently handled as liquids or solids. 
Synthesis 
The original method of Curtius, 
1 
 the diazotisation of amines, 
requires a strongly electron-withdrawing substituent on the a-carbon 
of the amine, and also an a-hydrogen. 
The classical methods of preparation of diazoallcanes involve 
treatment of a nitroso compound of the general formula R. CH 
2' 
 N(NO). X 
with a suitable base to yield the diazomethane R. CH. N 2. For example, 
diazomethane is readily prepared by treating N-nitroso-N-methylurea 
(2) with base. 
NO 
/ 	 _ 
CH 3 - N + KOH 	' CH 2 2 
	 2 
N + KOCN + 2H 0 
CONH2 
(2) 
Disubstituted diazo compounds can be prepared by the oxidation of 
ketone hydrazones (3) with a variety of agents including manganese 
dioxide, lead tetra-acetate, and mercuric oxide. 
R 	 R 
= N-NH 2 + HgO - 	SCN +H 0 + Hg 




Hydrazones (3) can also be converted into diazoalkanes by 
treatment with toluene- p- sulphonyl azide. 
R 	 R 
= N-NH + TsN3_
' V2 




The method used in this research for preparation of diazoalkanes 
involves the base-induced decomposition of tosyihydrazones (4) which 
will later be discussed in more detail. 






C = N-N-Ts 
or 
. CN +MTs 
h'\) R" 2 
 
Reactions 
Diazoalkanes can sometimes be observed in reactions by their 
red coloration. They can be chemically trapped by their reaction with 
alkylphosphines 1° as shown in Scheme 1, forming phosphazines (5) 
which on hydrolysis give a hydrazone and phosphine oxide. 
R 
C=N=N + PR 	 C=N-NPR (5) 
R 	 R 	3 
H20 
R 
C=N-NH2 + R3P=Q 
Scheme 1 
In 
The last forty years has seen a renaissance in diazoalkane 
chemistry which has been reviewed. 11, 12 Much of this interest has 
derived from the ability of diazoalkanes to form carbenes via loss of 
nitrogen. However, another important aspect of diazoalkane chemistry 
is their ability to react without loss of nitrogen, undergoing either 
intermolecular" or ttjfltramolecJ•arII  1, 3-dipolar cycloadditions. 
A) Carbene Formation 
Carbenes are highly reactive, neutral species (R
2 
 C:) in which 
carbon is attached to two groups by covalent bonds and has two non-
bonding electrons. These may have parallel spins and occupy different 
orbitals (triplet state) or be spin paired (singlet state). 
Carbenes practically all have lifetimes considerably less than 
1 second, and can undergo a wide variety of reactions, including 
additions to olefins, aromatic systems, and other double and triple bond 
systems; insertions into carbon-hydrogen bonds; abstraction of 
hydrogen; rearrangements, and dimerisation. 
The reactions of carbenes have been fully documented in the 
literature 13' 
14 
 and carbenes are now recognised as the most common 
intermediates in the photochemical and thermal decompositions of 
diazoalkanes. One of the uncertainties of the photochemical route to 
carbenes is that some of the products may be formed directly by reactions 
of the exited diazoalkane rather than via the carbene. This slight com-
plication is absent in the production of carbenes by the thermolysis of 
diazoalkanes, but there are three common side-reactions of the ground 
5 
state diazoalkane which interfere with carbene generation (Scheme 2). 
Firstly, diazoalkanes are susceptible to protonation and carbenium ion 
(6) production via loss of nitrogen. Also, carbene attack on the 
diazoalkane precursor can occur, both with retention of nitrogen to give 
the azine (7) or with loss of nitrogen to give a dimer (8), actual 
dimerisation of carbenes being statistically unlikely. 
R 	HA 
R,CNN 
R 	N2 R+ 




R2CN2,,, 	N RC N2 
C 	
RR 





In addition, the diazoalkane can add as a 1, 3-dipole to any alkene or 
alkyne present to give pyrazolines or pyrazoles which subsequently 
extrude nitrogen to give what are apparently carbene-derived products. 
B) 	Intermolecular 1, 3-Dipolar Cycloadditions 
Cycloadduct8 of diazoalkanes have been known since 188815  but 
it was not until the series of studies by Huisgen and co-workers 16, 17 
in the early 1960's that the classification "1, 3-dipolar cycl oaddition u 
became an accepted terminology. 
Cycloadditions can be classified according to the number of new 
Cy bonds formed, or the size of the ring formed. Most frequently, two 
new 	bonds are created at the expense of two ,-,Y bonds. A 3 + 2 '—p5 
cycloaddition (Scheme 3) leading to an uncharged five-membered ring 
cannot occur with octet stabilised reactants having no formal charges. 
Diazoalkanes were shown to represent just one of a wider class of 1, 3-
dipolar moilecules, a-b-c defined such that atom a possesses an 
electron sextet i. e. an incomplete valence shell combined with a formal 
positive charge, and that atom c, the negatively charged centre, has 
an unshared electron pair. Combination of such a 1, 3-dipole with a 
multiple bond system d-e, the dipolarophile, is referred to as a 1, 3-
dipolar cycloaddition. 




Compounds in which the positive centre a is an electron-deficient 
carbon, nitrogen or oxygen atom are not stable. However, if a lone 
pair at b fills the electron deficiency at a by forming an additional 
bond, then stabilisation is attained giving an all-octet structure in 





a-b--c 	 a.=b-c 
	
b=N-R or  
SEXTET 	OCTET 
Diazoalkanes, then, are only one of a large class of 1, 3-dipolar 
molecules, there being in all eighteen such systems, some of which 
are unstable and must be generated in situ. Specific examples of 
molecular 1, 3-dipoles include ozone, azides, nitrile oxides, azomethine 







0-0-0 4 ' 0=0-0 
N=N-N 
-CN-O - -C= N---O 
wC=N-C 
,C_N=Nis 	N=N 
Common mechanistic features are exhibited by 1, 3-dipolar cyclo-
additions. They are not markedly influenced as to rate or stereo-
chemistry by solvent polarity; they show low enthalpies of activation 
Lf 
and large, negative entropies of activation; they produce five-membered 
rings in which the olefin stereochemistry is retained; and reaction 
rates are markedly increased by conjugation of the dipolarophile, but 
reduced by the steric effects of all types of substituent. 
Controversy has arisen in the literature over the mechanism of 
the 1, 3-dipolar cycloaddition, the basic problem being the alternative 
propositions of a concerted and a two step mechanism (Scheme 4). 
a 	c+ 
a-c 





The original proposition of Huisgen16' 
17 
 was a concerted [3+2] 
mechanism, involving a cyclic transition state, but with no discrete 
intermediate, basing his argument on the cis-stereospecificity of the 
cycloaddition together with the activation parameters. The subsequent 
publication of the Woodward-Hoffman rules, 
18 
 showing that Huisgen's 
mechanism was allowed by orbital symmetry, provided a theoretical 
basis for this mechanism. However, an alternative mechanism was 
19 proposed by Firestone 	with the initial formation of a discrete 
intermediate, a spin-paired diradical, being the rate-determining 
step. The fact that the stereochemistry of the addition was cis was 
explained as being because ring-closure was a more favoured pathway 
energetically than bond rotation. Conjugation and solvent effects were 
also shown to favour the diradical mechanism, although Huisgen had 
explained these as being due to synchronous, but not simultaneous, two-
bond formation. Firestone also claimed that the orientation could be 
predicted by considering "the best looking" of the four possible diradical 
intermediates, taking into account steric, kinetic, and a-bond energy 
factors, a problem which the concerted mechanism could not explain. 
. ac 













Firestone did however admit that the factors governing radical 
formation and stability were so poorly understood that few accurate 
predictions could be made. The prompt reply by Huisgen, 
20 
 strongly 
defended the concerted mechanism on stereochemical, energetic, and 
electronic grounds, while acknowledging that orientation remained an 
unsolved problem. 
In 1972, the diradical mechanism was reasserted by Firestone, 21 
his arguments based on two main considerations. Firstly, the pre- 
dominant unidirectionality of orientation exhibited by most 1, 3-dipoles 
10 
toward both electron-rich and electron-poor dipolarophiles conflicted 
with the concerted mechanism but was in accord with the diradical 
mechanism. This was done by considering the possible diradical 
intermediates (9) and (10) in the reaction as Linnett structures. 22 
a 	C 
D 	 D 
(9) 	 (10) 
These have partial formal charges, with the most stable diradical 
being that in which the most electronegative atom bears the most 
electronegative charge. This will then be the favoured diradical 
irrespective of whether the dipolarophile (D) is electron-withdrawing 
or electron-releasing, and hence the uñidirectionality of orientation 
regardless of the nature of the dipolarophile. The second factor 
favouring the diradical mechanism was steric, although earlier this 
had been one of the cornerstones in the interpretation of orientation 
according to the concerted mechanism. 16, 17 Thus, the regioselectivity 









However, when the phenyl ring was replaced by hydrogen, the regio- 
s electivity of (11) over (12) was increased to 84% instead of decreasing, 
which cannot be accommodated by the concerted mechanism on steric 
grounds. Firestone therefore concluded that, apart from the stereo-
specificity, the weight of evidence favoured the diradical mechanism. 
In 1973 however, Houk and co-workers developed a new and 
powerful method which rationalised substituent effects on rates, regio-
selectivity and periselectivity of concerted 1, 3-dipolar cycloadditions. 
This was based on perturbation theory whereby the relative energies 
and coefficients of the frontier orbitals of the interacting 1, 3-dipoles 
and dipolarophiles were calculated by CNDO/2. The calculated orbital 
energies were then adjusted with the help of known ionisation potentials 
and ir ii- 	transitions. Fukui' postulated that reactions take 
place in the direction of the maximum frontier orbital overlap i. e. between 
the HO (highest occupied) and LU (lowest unoccupied) orbitals. In 
concerted cycloadditions, the favoured orientation will be that where 
the centres whose frontier orbitals have the largest coefficients interact. 
For diazomethane, the squares of the products of the CNDO/2 
calculated frontier orbital coefficients, interacting with a dipolarophile 




085 004 1•57 
LU 
'N N CH2 
056 112 066 
It can be seen from this calculation that the two termini have different 
12 
orbital coefficients (as do the termini of unsymmetrical dipolarophiles 
d- e). The sizes of these coefficients can be represented pictorially 
as lobes. Thus, when 1, 3-dipolar cycloaddition occurs, two possible 
transition states (13) and (14) may be visualised (Fig. 5) depending on 
the relative orientation of dipole and dipolarophile. The preferred 
transition state will always be that in which the larger orbital coefficients 
interact, in this case (13). 
o__•0 
00 
0 b 0 
00 
(13) 	 (14) Figure 5 
Since the relative energies of the HO and LU orbitals are determined 
by the substituents, and are the chief factors in determining the mode 
of regio selectivity and rates of reaction, Houk was able to achieve a 
complete rationalisation of the observed results in terms of substituent 
effects. Huisgen 26 used this molecular orbital p.turbation treatment 
as additional support for the concerted mechanism besides refuting the 
earlier diradical arguments of Firestone, who, however retains his 
convictions. He has argued 27- that perturbational molecular orbital 
theory bases its predictions on ground state interactions between 
13 
reactants, and maintains that calculations of ground state orbitals 
are meaningless when the transition state lies more than 30-70 kJ/mole 
above the ground state in energy. He further uses the diradical theory 
28 	 29 to explain the abnormal orientation observed with bridgehead olefins 
and in intramolecular cases. 0 
However, despite the continuing mechanistic controversy, the 
usefulness of the intermolecular cycloadditions of diazoalkanes as a 
synthetic method for preparation of pyrazolines and pyrazoles remains 
unquestioned. 
C) 	Intramolecular Cycloaddition Reactions 
In intramolecular cycloaddition reactions, both the dipole and 
the dipolarophile are incorporated in the same molecule. Where such 
a system is conjugated, the addition is known as an electrocyclic reac-
tion. The first such reaction was reported by both Adamson and 
Kenner 
31 
 and Hurd and Lui 32 who showed that 3-diazopropene (15) 
reacted slowly at room temperature to give pyrazole (17), the reaction 





(16) 	 (17) 
The mechanism of this cycloaddition was investigated by Ledwith and
33 
Parry, 	who postulated the intermediacy of the 3H-pyrazole (16), 
14 
acting as the absorbing species in the reaction, as diazopropene was 
transparent at the wavelength used. Adamson and Kenner 
31 
 also 
reported that the red colour of an ethereal solution of trans-l-diazo-
2-butene (18) faded slowly at room temperature, the product being later 
identified 
34 
 as 3(5)-methylpyrazole (19). 
*'YH 





In 1963, Gloss, Gloss and Boll 
35 
 reported the formation of 
pyrazoles from the thermal decomposition of the tosylhydrazone salts 
of a, n-unsaturated carbonyl compound. The decompositions of tosyl-
hydrazones of type (20) (Scheme 6) in aprotic media at 160 ° -220° C 
using sodium methoxide as the base. I give alkyl-substituted cyclo-










Compound R3  Yield (21)0/o 
A Me Me H 72 
B Me H Me 39 
C Me H H 50 
D H Me H 4 
E • H Me Me 15 






The possibility that the 3H-pyrazole could give rise to cyclopropene 






This compound, with no hydrogen in the 3-position, was stable up to 
1800 and did not isomerise or lose nitrogen. From this, it was 
deduced that diazoalkenes were intermediates in cyclopropene formation, 
which was proven by isolating the diazoalkenes from (20A) and (20B) 
on reduction of reaction temperature to 70-90 °C. on subsequent 
pyrolysis these diazoalkenes gave the cyclopropenes as before. 
The difference in behaviour in either forming pyrazole or 
hydrocarbon was postulated as being due to the degree of substitution 
at the n-carbon of the tosyihydrazone. The yield of cyclopropene is 
good where the n-carbon is fully substituted with alkyl groups which 
retard the rate of cyclisation to the 3H-pyrazole and which accelerate 
the elimination of nitrogen by electron release. One hydrogen sub-
stituent at this position substantially reduces the yield. 
It is interesting that Closs does not suggest the diazoalkene 
(shown in Scheme 6) as an intermediate in the pyrazole formation, 
instead proposing that the tosylhydrazone initially cyclises by internal 
Michael addition to form a 1-to sylpyrazolenine, followed by elimination 
of sulphinate to give the pyrazole (Scheme 7). 
17 





Subsequent work by Bartlett and Stevens 36 does not entirely preclude 
this possibility as it was shown that l-tosylpyrazolenine would give 
pyrazoles under the same conditions as the tosyihydrazones of a, 3-
unsaturated aldehydes and ketones gave pyrazoles. Thus, 3-methyl-
5-phenylpyrazole (24) was obtained both by heating 3-m ethyl- 5-phenyl-. 
1-tosylpyrazolenine (25) to the boiling point in a solution of sodium in 
ethylene glycol, and by heating methylstyryl ketone tosylhydrazone 















That the pyrazole is most probably formed via the diazocompound 
is borne out by the fact that the yield of pyrazole from the l-tosyl-
pyrazolenine is lower than the yield from the tosylhydrazone. 
The intermediacy of diazocompounds in pyrazole formation was 
confirmed by the work of Brewbaker and Hart 37 in the investigation of 
a series of aryl and alkyl substituted diazoalkenes. The 3-diazo- 
alkenes (27) were generated by treatment of ethyl alkenylnitrosocarbamates, 
in cyclohexene, with sodium methoxide, and gave good yields- of 1H-
pyrazoles (28) by allowing cyclisation to occur at 25 ° (Scheme 8). 
X = - 21 -C[ Q -CH3 
Scheme 8 
It was found that the presence of an aryl substituent on the 'f-
carbon of the diazoalkene increased the rate of cyclisation to the pyrazole, 
but that the presence of electron-withdrawing or electron-releasing 
substituents in the phenyl ring had little effect on the rate. The rate 
enhancement by aryl conjugation with the carbon-carbon double bond 
and the insensitivity to the electronic nature of the substituent X supported 
19 
the belief that the cyclisation of 3-diazoalkenes to pyrazoles was an 
intramolecular, concerted, 1, 3-dipolar cycloaddition. 
Sharp and his co-workers 
38 
 have investigated the reactions of 
a, 3 ycS -unsaturated diazoalkenes via the decompositions of sodium salts 
of the tosyihydrazones of a-methylenecyclopentanones (29; n=1), the 





Na 	 Na 
(29) 	 (30) 
It was found that acyclic systems gave exclusively pyrazoles, for 
example the cyclisation of (31) under rigidly aprotic conditions gave 
predominately (32), which was very sensitive to heat and acid causing 




H Ph Ph 














In the case of the thermal decomposition of the tosyihydrazone 
salts (29), the products were found to depend on the nature of the sub-
stituents R 1 and R 2 and on the ring size. Where there was only one 
substituent at the terminus of the double bond, there was no variance 
with ring size. The sodium salts of 2-methylenecyclohexanone (34; 
n2) and 2-methylenecyclopentanone (34; n=1) both decompose in aprotic 






Where the double bond has two alkyl substituents, however, the 
cyclohexanone derivatives (36; n2) give 3H-pyrazoles (37) whereas the 
cyclopentanone derivatives (36; n1) give the dienes (38) and no 31-i-















A further difference was observed where the double bond has 
two aryl substituents. Here it was found that an alternative mode of 
cyclisation became possible. When n1, the diazo intermediate now 
underwent 1, 7 ring closure to give the 1, 2-benzodiazepine (39). When 
n=2 the cyclisation proceeded via 1, 5-ring closure to give exclusively 
pyrazoles (40) (Scheme 11). 
These differences between cyclopentanone and cyclohexanone 
tosyihydrazones were explained by a steric effect. Models constructed 
from Drieding units showed a separation between the termini of the 
system about 35 pm greater in the five-membered ring system (41) 
















(41) 	 (42) 
Therefore, the former would have to undergo a greater bending 
of the diazo group from its preferred linear state to achieve cyclisation, 
and would give a more strained 3H-pyrazole than that formed from (42). 
For dialkyim ethyl enecyc lopentanone to sylhydraz ones then, the 
preferred pathway leads to dienes and in diarylmethylenecyclopentanone 
tosylhydrazones to 1, 2-benzodiazepines. The formation of 1H-pyrazoles 
from monoalkylm ethyl en ecyclopentano ne tosyihydrazones was thought 
to be due either to the higher stability of the final products, the aromatic 
1H-pyrazoles, or to reduction in size of the cis-substituent causing 
lower steric hindrance in the transition state. It therefore appeared 
that the distance separating the diazo group and the double bond was the 
crucial factor in determining whether a 1, 5- or 1, 7-ring closure would 
occur. To test this, Sharp and Dingwall 39 investigated the reactions 
of the diazoalkenes derived from the tosylhydrazone salts of l-acyl-2-
arylcycloalkenes (43), arguing that 3H-pyrazole formation would be less 






A complicating factor arises in that the diazo group is kept in 
conjugation with the a, n-double bond by the almost planar five-membered 
ring in (41) whereas (43) can have free rotation about the 1, 2-bond. 
Therefore it might be expected that both 1, 5- and 1, 7-ring closure 
will have higher entropies of activation thus making them less com-
petitive with carbene formation. 
When R=Me, the diazocompound (43), reacted via all three modes 
(Scheme 12), the 3H-pyrazole (44) to diazepine (45) ratio being high 
in the initial stages of reaction and decreasing as the tosyihydrazone 
salt was consumed. This suggested that the 67i ring closure was the 
kinetically favoured process, with the pyrazole being subsequently 
transformed into the more stable diazepine. Such a process represents 
a novel thermal ring transformation of 3H-pyrazoles rather than the 
usual van Aiphen-Huttel rearrangement where one of the groups on the 
saturated carbon migrates to an adjacent atom giving either a 1H- or 
4H-pyrazole. The yields shown in Scheme 12 are those obtained after 
reaction times just long enough for complete consumption of the tosyl-
hydrazone salts. 








[1, 5] H shift 























36 	 38 
Scheme 12 
26 
the diazepine (45) and the cyclop.entaindene (46), suggesting that the 
rearrangement of pyrazole to diazepine involved a reversal of the 6rr 
electrocyclisation process to give the diazocompound. Although the 
equilibrium between the pyrazole and diazocompound will be heavily on 
the side of the pyrazole, the reaction will be driven to the right by the 
irreversible sigmatropic hydrogen shift giving diazepine and the 
irreversible loss of nitrogen giving cyclopentai.ndene. Support for the 
intermediacy of the diazo compound was obtained by thermolysis of the 
pyrazole (44; XH) in the presence of tributyiphosphine which gave the 
phosphazine (47) at the expense of diazepine and cyclopentaindene. On 
hydrolytic work-up, the phosphazine (47) was converted to the isolated 
hydrazone (48). 
x 
Bu3 P 	H20 
H3 N-PBu3 
ftf 
(44) 	(47) 	 (48) 
-NH2 
The partitioning of reaction between the electrocyclisation and 
carbenic modes is greatly affected by relatively minor structural 
modifications. Replacement of the methyl group by a phenyl group (49) 
resulted in complete dominance of the carbenic reaction giving (50) 
(Scheme 13). This seems due to the effect of conjugation stabilising 
27 
the carbene rather than a steric effect of the phenyl group in inhibiting 
conjugation between the diazo-group and the alkene bond, as a similar 
effect was observed in conjugating the alkene bond with a fused benzene 
ring (51) giving hydrocarbon (52). 
The competing electrocyclisation was not favoured by reducing 
the size of the group from methyl to hydrogen, as the diazo compound 




The effect of the cyclopentyl ring in restraining pyrazole 
formation and promoting diazepine formation is confirmed by comparison 
with the cyclohexyl analogue (54) whose cyclisation gave only the 3H-
pyrazole (55), more thermally stable than the 3H-pyrazole (44). On 
prolonged heating, (55) decomposed by "normal" van Aiphen-Huttel 


























Substituent directive effects in 1, 2-benzodiazepine synthesis 
have also been investigated 40 via the reactions of meta substituted 
diazocompounds (57) which can, in principle, cyclise to give either or 
both of the isomeric diazepines (58) and (59) via substitutions at 
points ortho and para to group R (Scheme 15). The results show that 
alkyl- (apart from Bu t), alkoxy-, and chioro-groups favour ortho attack 
by kinetic control of the product ratio, these products (57) being 
stericaily destabilised with respect to the par a isomers (59). The 
difference in thermodynamic stability is demonstrable in cases (58c, d, e) 














Ar = -CAR 
QHFR; k2(0)  
Ar 



















although the more sterically destabilised alkyl diazepines (58a, b) do not. 
The origin of the directing effects of the substituents in the cyclisa-
tion reaction is not yet understood. As the directive influence could 





 must be very slow or zero (depending on R) so that the product 
ratio is essentially kinetically controlled. Also, alkoxy- and chloro-
groups must lower the activation energy for one or both of the reverse 
steps [K_ 
1 
 (o), K_ 
2 
 (o)] so that the kinetically favoured isomers rearrange 
to the more stable products on prolonged heating via (58) -> (57) -> (59). 
1, 2-Benzodiazepines, then, can be formed by the 1, 7-ring closure 
of aP,Y 6 -unsaturated diazoalkenes with 43-olefinic and y5 -aromatic 
unsaturation where structural features inhibit the competitive 1, 5-closure 
to pyrazoles. Similarly, c43, y6-unsaturated diazoalkenes with af3-
aromatic and y3-olefinic unsaturation (60) undergo 1, 7-ring closure to 
give a range of 11-1-2, 3-benzodiazepines 41 (62). Diazoalkenes of type 
(60) were not susceptible to partitioning of reaction into 1, 5-ring closure 
or carbenic modes, but underwent 1, 7-ring closure exclusively to give 
the 4H-2, 3-benzodiazepine intermediates (6 1) which rearomatised by a 
[1, 5] sigmatropic hydrogen migration to give the products (62) (Scheme 
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R39 
(60) 	" 
R1= H, Me, Ph 
Scheme 16 
Recently, it has been reported 42 that the regio selectivity of 
intramolecular cycloaddition of an olefinic tosyihydrazone can be 
controlled by the experimental conditions used. Thermolysis of the 
sodium salt of o-allylbenzaldehyde tosylhydrazone (63) at 80 0C gave 
3, 3a, 4, 8b-tetrahydroindeno[l, 2-Jpyrazole (65) by intramolecular 
dipolar cycloaddition of the initially generated diazoalkane (64) (Scheme 
17). Pyrazoline (65) was readily converted to the isomeric l-di-
hydropyrazole (66) by using a higher reaction temperature of 120 °C or 
in the presence of a base at 100 °C via  proton transfer reaction, while 
thermolysis of (65) gave benzobicyclohexane (67). 
By contrast, treatment of tosylhydrazone (63) with boron tn-
fluoride etherate followed by silica gel chromatography gave 4, 5-dihydro-
1,4-methano-1H-2, 3-benzodiazepine (69) as exclusive product with the 
isolable intermediate (68) present before chromatography. Heating a 






























The orientation observed under basic conditions can be accounted 
for on the basis of frontier orbital theory of diazoalkane cycloadditions. 24 
Under acidic conditions, the regioselectivity is probably a consequence 
of the carbocation pathway involved in thecycloaddition. 
The generality of intramolecular cycisations of 2-allyl-substituted 
diazomethanes has recently been investigated. Here, steric restrictions 
oppose the parallel-plane approach which gives normal 1, 3-dipolar 
adducts. Among the geometrical forms of a diazoalkane, a formal 
nitrene structure (70) can be envisaged, which makes conceivable a 
cr3'1'3 
[N 	 ii 
(70) 
1, 1-cycloaddition of this dipole 	Both Padwa and Ku 43 and Miyashi 
and co-workers 
44 
 have independently reported the first examples of 
formal nitrene-type cycloadditions of a diazoalkene. 
Thermolysis of the sodium salts of the tosylhydrazones (71) and 
(76) in benzene or tetrahydrofuran gave the initially formed diazocompound 
(72) and (77) which could be trapped with methanolic hydrochloric acid 
to give, for example, 1,4-diphenyl-l-methoxy-3-butene (74). Allowing 
the solution of diazoalkene to cool to room temperature gives the 1, 1-
cycloadducts, the aziridines (73) and (78), a completely reversible 






























This shows that aziridine formation, which has been proved by 
Huisgen45 not to occur during intermolecular 1, 3-dipolar cycloaddition, 
can occur intramolecularly. In systems (72) and (77), the normal "two-
plane orientation of the diazo group and the allyl Tr system is 
impossible as a result of the geometrical restrictions imposed and the 
attack of the terminal nitrogen atom of the diazo group on the neigh-
bouring double bond instead occurs to generate a six-membered ring 
dipole such as (79) which collapses, resulting in the formation of the 












The exclusive formation of (73) rather than the isomeric 2, 3-
diazabicyclo[3, 1, 0]hex-2-ene can be attributed to the stronger set of 
bonds and the lesser strain energy of the system. 
37 
2) BASE-INDUCED DECOMPOSITION OF TOSY LHY DRAZ ONES 
In 1885, it was observed by Escales 46 that benzenesulphonyl-
phenylhydrazide (80) was decomposed by warm alkali to give benzene, 
nitrogen, and benzenesulphinic acid. 
Ph-SO2--Ph  
oW 
NH-NH-Ph	Ph-H + N2 Ph-SO-2 H 
(80) 
The possibility of using such a method for the formation of 
olefins from the tosyihydrazones of ketones was investigated by Bamford 
and Stevens in 1952. Success in the case of tosyihydrazones of readily 
enolisable ketones was very limited, but good results were obtained 
with tosyihydrazones of non-readily enolisable ketones. For example, 
cyclohexanone tosylhydrazone (81) when heated with a solution of sodium 







The tosyihydrazones of aromatic aldehydes and ketones, on the 
other hand, gave diazo-compounds, or products of their decomposition. 
At lower temperatures, substantial yields of the diazo-compounds could 
be achieved. However, these authors ruled out the possibility that the 
mechanism of the decomposition always involved breakdown to an 
aliphatic diazo-compound and sulphinate ion due to the fact that complex 
tosylhydrazone (82) decomposed to give optically active camphene (83). 
38 
This could not occur via diazocamphene (84) which had previously 
been shown48 to decompose to give tricyclene (85) as a subsequent 
isomerisation of the symmetrical (85) would not have led to the optically 








It was suggested that the reaction involved removal of a proton 
from the hydrazone with formation of a negative charge on the nitrogen 
atom. This led to the release of the suiphinate anion, the remainder 
of the molecule either remaining intact as a diazo-compound or under-
going fission to nitrogen and an olefin, with concomitant migration of 
one of the groups attached to C- a (Scheme 21). When R is not nitrogen, 
the migration is formally a Wagner-Meerwein rearrangement. 
-=N-NH-SO2R 	
+ 	R 
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The mechanism of the Bamford-Stevens reaction has been 
intensively studied, and two reviews have appeared. 49, 50 A large 
number of parameters are operational, including the ability of the 
solvent to donate and accept protons, the nature and concentration of 
the base, the presence of metal cations, and the structural constraints 
acting on the substrate. 
A. 	Effect of Solvent Polarity 
A kinetic study by Powell and Whiting 
51 
 indicated that the rate-
determining step of tosyihydrazone decomposition was a unimolecui.ar 
elimination from the anion of the sui.phonylhydrazone, which they 
suggested could occur. in three ways 
to give an aliphatic diazo-compound 
to give a carbene, or 
to give an olefin directly via  cyclic transition state in 
which the n-hydrogen is removed by the departing sulphinate 
residue. 
In assigning a mechanism, it was found that cyclohexanone and camphor 
tosyihydrazone decomposed at the same rate and with the same activa-
tion energy, which eliminates mechanisms (b) and (c). In the former, 
the camphor derivative shbuld react faster because carbene formation 
would be anchimerically assisted 
52 
 and in the latter, the camphor 
derivative should react more slowly, as it could not lose two 3-hydrogens 
to form a cyclic transition state for steric reasons. 
By using g. 1. c., they further found that the product from camphor 
tosylhydrazone was not-pure camphene as stated by Bamford and Stevens 
40 
but a 4:1 mixture with tricyclene. Earlier, it had additionally been 
shown by Meerwein and van Emster 53 that a small amount of camphene 
was found in the decomposition of diazocamphene to tricyclene, which 
was not originally reported by Heubaum and Noyes. 48 
Powell and Whiting therefore proposed the intermediate in the 
tosyihydrazone decomposition to be diazocamphene and as evidence, 
they showed that the percentage of tricyclene was greatly reduced in 
protic solvents. Here, if proton donation is faster than the elimination 
of nitrogen, a diazonium ion (86) is formed, which can lose nitrogen to 
give a carbonium ion, this undergoing subsequent Wagner-Meerwein 
rearrangement to give camphene. In aprotic solvents, the diazo-
camphene decomposes directly to give a carbene which gives 


















B. 	Effect of Base Concentration 
Two important observations on the decomposition of cycloproparie-
carboxaldehyde tosyihydrazone (87) were made in 1965 by Friedman and 
co-workers. 
54
Firstly, that bicyclo[l. 1. 0]butane (88) was the 
predominant product in ethylene glycol (protic solvent) whereas cyclo-
butene (89) predominated in diethylcarbitol (aprotic). Secondly, when 
a deficiency of base was used with an aprotic solvent, bicyclo[l. 1.01 






base 	F11 aprotic solvent 
Scheme 23 	 (89) 
The conclusion was that (88) was formed by cationic processes 
involving intramolecular reaction of cyclopropylcarbonium or cyclo-
propylm ethyl diazonium intermediates, and that unreacted tosylhydrazone 
could act as a proton donor. This was a stimulus to Shapiro and co-
workers 
55 
 to re-investigate the decomposition of camphor tosylhydrazone, 
varying the base concentration while keeping other factors constant. 







the molar equivalent caused an increase in the proportion of tricyclene, 
and proposed a mechanism involving an equilibrium between diazo-
camphene (84) and its diazonium cation (86) (Scheme 24). When excess 
base is used, the equilibrium lies in favour of the diazo compound, and 
tricyclene is formed by a carbenic route. Where there is a deficiency 












of base, the equilibrium lies in favour of the diazonium cation and 
hence the products are formed by the carbonium ion route. This 
mechanism was proved by deuterium labelling. With a deficiency of 
base, in the presence of deuterium oxide, the tricyclene formed was 
found to be a 64% d 
1 
 and 36% d mixture. With excess base, the 
0 
isotopic composition was found to be 6% d 1 and 94% d 
C. 	Nature of the Base 
When very strong bases, such as alkyllithium reagents, are 
reacted with tosylhydrazones at low temperatures, then diazocompounds 
are not involved, an entirely different mechanism being operational. 
This was reported simultaneOusly by Shapiro 
56 
 and Friedman, who 
showed that tosylhydrazones with a-hydrogen atoms gave good yields of 
alkenes. 
Deuterium was incorporated into the product when the reaction 
57 
mixture was quenched with deuterium oxide, the mechanism proposed 6 ' 
being carbanionic (Scheme 25). The existence of carban.on inter-
mediates was confirmed by Shapiro 
58 
 by chemically trapping the inter-
mediate from fluorenone tosylhydrazone. 9, 9-Disubstituted fluorenes 
were isolated when the decomposition was carried out in the presence 



























3) BENZODIAZEPINES AND THIENODIAZEpINES 
B enzodiaz epines and thienodiaz epines are bicyclic, heterocyclic 
compounds which, respectively, have a benzene ring or thiophene ring 
attached to a seven membered ring containing two nitrogen atoms. 
Considering the fused seven membered ring, six basic ring structures 
are possible depending on the position of the two nitrogen atoms 
(Figure 27), the numbering of the hydrogen by definition being the 
saturated carbon position of the seven membered ring. 
rIr" 
2\NJ 
-1,2- 	5H-1,3-- 	3H-1,4 -  
3 0 oc> 
5H-2.*3- 
 27 
The synthesis and reactivity of each class of compound differs 
markedly, giving each their own distinct chemistry. Recent reviews 
on benzodiazepines59' 60 have concentrated on the 1,4- and 1, 5-series, 
the interest in these two classes being reflected in their heterocyclic- 
48 
fused analogues. 
In the 1,4-series, this is largely due to the discovery of their 
pharmacological activity as central nervous system depressants, giving 
them chemotherapeutic value as psychosedatives and tranquilising agents 
which have the remarkable property of not causing harmful side-effects 
when taken in excessive quantities. 1, 4-Benzodiazepines are the 
active constituents of such drugs as librium and valium which are 
extensively used in modern medicine. 
The attention received by the 1, 5-series has been because of 
their relative ease of synthesis from common starting materials. The 
literature covering the other four classes is not extensive. Benzo-
and thieno[1, 2]diazepines have adjacent nitrogen atoms in-the seven- 
membered ring. In the 2, 3-benzodiazepines, the class which is directly 
relevant to this thesis, the nitrogens appear at the 2- and 3-positions of 
the ring relative to the saturated carbon. These will be discussed in 
more detail. Their chemistry has been reviewed by Sternbach and 
Archer 6 
0 
 and by Nastasi. 
61 
 However, at the beginning of this research, 
there were no literature references to the corresponding class of thieno-
[1, 2]diazepines. 
A. 	2, 3-B enzodiazepines and 2, 3-Thienodiazepines 
Hydrazines have been extensively used in the preparation of both 
2, 3-benzodiazepines and 2, 3-benzodiazepinones. As early as 1899, 
Gottlieb62 synthesised 2, 5-dihydro-4 -methyl- 2-phenyl- 1 H- 2, 3-benzo-












Later, in 1905, 2, 5- dihydro-4 - phenyl- 1H- 2, 3-benzodiazepin- 1-one 
(93) was prepared 
63
in a similar manner by the reaction of -deoxy-
benzoin-o-carboxylic acid (91) or of 3-phenylisocoumarin (92) with 
hydrazine. Analogues where R = m-tolyl and R = p-hydroxyphenyl 
were obtained 64' 
65 





In 1965, a 2, 3-benzodiazepine without any keto function. 4,5- 
Dihydro-1-phenyl-3H-2, 3-benzodiazepine (95) was synthesised 66 by the 
reaction of 2-(2-bromoethyl)benzophenone (94; XH) with hydrazine. 
50 
2-Hydroxyethyl analogues (R = HOCH 2CH 2-) of (95) were also prepared 






More recently, in 1974, Korosi and co-workers published a 
series of papers 
67,68,69 
 in which they claimed the synthesis of the 
first 5H-2, 3-benzodiazepine. Two methods were used to prepare 
1 -(3,4- diniethoxyphenyl)- 5-ethyl- 7, 8- dimethoxy-4-methyl- 5H- 2, 3-
benzodiazepine (98), the first from the benzopyrilium salt (96), 
the second from the diketone (97), both methods using hydrazine 
hydrate (Scheme 29). Their claim, however, was incorrect, as the 
synthesis of the first 5H-2, 3-benzodiazepines via the corresponding 
1H-isomers had been published by Sharp 41' 
70 
 during the previous year. 
Hydrazones have also been a source of 2, 3-benzodiazepines, by internal 
condensation reactions. Thus, the dehydration of o-acetylphenylacetic 
acid phenylhydrazone (99) by pyrolysis gave 3, 5-dihydro-1-methyl-3-
phenyl-4H-2, 3-benzodiazepin-4-one (100) which could also be formed 
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Schmitz and Ohme 72 in 1962 found that pyrolysis of diisoquinoline-
tetrazine (101), either in isoquinoline as solvent or by itself, gave 
4, 5-dihydro-3H-2, 3-benzodiazepine (102), a very similar reaction 




(101) 	 (102) 
3-Aryl-4, 5-dihydro-3-2, 3-benzodiazepines (106) have been prepared 74 
by the treatment of dihydroisoquinolinolinium salts (103) with alkali 
followed by reaction of the resulting pseudobase (104) with o-mesityl-
sulphonylhydroxylamine (MSH), the hydrazine derivative (105) being 














(105) + HOMes 	 (106) 
Scheme 30 
One of the most versatile and high-yielding synthesis of 2, 3-benzo-
diazepines is that discovered and developed in the early 1970's by 
Sharp and his co-workers.41' 
70 
 The synthesis of the 1H-2, 3-benzo-
diazepines (62) involved the electrocyclic ring closure of a-(o-alkenyl-
aryl) diazoalkanes (60) which in turn were prepared by thermal 
decomposition of the corresponding tosyihydrazone sodium salts. 
54 
The 41-1-2, 3-benzodiazepines (61) have been postulated as intermediates, 75 
conversion to the isolated 1H-2, 3-benzodiazepines being via  symmetry-
allowed [1, 5] sigmatropic hydrogen shift. Thermal or basic treatment 
of these 1H-derivatives readily yielded the 51-1-2, 3-benzodiazepines (107) 
(Scheme 31), this being the synthetic route used in the preparation of 
the 2, 3-benzodiazepines described in this thesis. 
R3(2( 
Na 
R'r 1 R3s. + - 







:/N  (61) 
R1 = H,Me,Ph 
R2= H,Ph 






The only known examples of the 2, 3-thienodiazepine system, 
the 3H-2, 3-thienodiazepines (110) have been prepared by Tsuchiya 76 
using a photochemical reaction of thienopyridine-N-irnides which exhibits 
different facets from the reactions of the N-imides of monocyclic 
77 	 78,79 	 80 pyrl. dines, quinolines, 	and isoquinolines. 	Photolysis of the 
7 -methylthieno[2, 3-c]pyridine N- imides (108) resulted in rearrangements 
with ring expansion to give 1H-1, 3-(109) and, predominantly, 3H-2, 3-
thieno[2, 3-d]diazepines (110), together with trace amounts  the 5-  
amino thieno pyridine s (111). This photolysis may involve the initial 
formation of two different diaziridine intermediates (112) and (114). 
The former (112) may rearrange to aziridine (113) by a [1, 5] sigmatropic 
shift followed by ring expansion to the 1, 3-diazepines (109) by analogy 
with the N-imides of 1-substituted isoquinolines which give only 1, 3-
benzodiazepines. However, the major products (110) are formed via 
the latter intermediate (114) from which the 5- amino thienopyr idin es 
(111) are also derived (Scheme 32). 
When 7-unsubstituted thieno[ 2, 3-c] pyridine N-imides were 
irradiated, no diazepines were formed, the sole products being 7-
aminothieno[2, 3-c] pyridines, directly analogous to the reaction of 






- CO2CH2 Ph H 
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4) 	THERMAL [i, ji SIGMATROPIC MIGRATIONS 
Sigmatropic migration reactions involve the migration of an 
atom or group from an initial point of attachment in a molecule, across 
an unsaturated system, to a new point of attachment. 
Woodward and Hoffman 
 82 
 defined a sigmatropic change of order 
[ i, j], as the migration of a a bond, flanked by one or more 'rr -electron 
systems, to a new position whose termini are (i-i) and (j-l) atoms 
removed from the original bonded loci in an uncatalysed intramolecular 




c-c=c- Ci=C- c=c-c-c=c--- 
C- C=C- C=C- 
	c=c-c-c=c- 
12345 1 2345 
[3,3] shift 
The Cope and Claisen rearrangements are well-known examples of 
sigmatropic changes of order [3, 3]. 
C__c. c 	CC%C 	occ 
R 0001&c;~c RC 	
' 
The Cope Rearrangement 	The Claiseri Rearrangement 
Thermal sigmatropic rearrangements where i1, collectively 
named [1, j] rearrangements were reviewed 
83 
 in 1974. 
A. 	[I. j] Hydrogen Migration 
This may be considered in terms of an interacting hydrogen atom 
and the HOMO of a polyene radical. For a concerted migration of the 
hydrogen with bond cleavage and bond formation occurring simultaneously, 
the orbitals, which hold the hydrogen and the unsaturated system over 
which it is migrating together, must have the correct symmetry to 
allow continuous bond cleavage and bond formation. In the case of a 
[1, j] shift of a hydrogen atom between the endii of a polyene (115) -> (116), 
then in the transition state the bonding hydrogen orbital must overlap 
simultaneously with orbitals on both the terminal carbon atoms. These 
carbon orbitals must also overlap with the other p-orbitals of the 
polyene chain. The orbital on C-i eventually becomes a p-orbital of 
the polyene while that on C-j becomes the sp 3 orbital of the new C-H bond. 
R• 	 ft 






The migrating H thus may participate in two possible transition-
state geometries, if orbital symmetry is to be maintained. In 
suprafacial migration, the migrating H maintains contact at all times 
59 
with the same face of the ii system, while in an antarafacial process, 
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The selection rules predict that suprafacial [1, 5] hydrogen shifts 
in neutral polyenes are thermally allowed. However [1, 3] and [1,7] 
shifts must proceed by an antarafacial process which means that thermal 
[1, 3] hydrogen shifts are unlikely to be observed. The transition state 
for antarafacial migration in such a short unsaturated system would 
be very difficult to attain due to the strain involved and no examples are 
known. Thermal [1, 7] hydrogen migration is also unrecorded in small 
or medium-sized rings due to the unattainable geometry required for 
antarafacial migration. By contrast, thermal [1, 5] sigmatropic 
hydrogen migration has been observed in a wide variety of systems, 
both cyclic and acyclic, with evidence to support the view that they are 
concerted reactions. Roth 
 84 
 established that thermal hydrogen 
migration in indene was a concerted [1, 5] process by substituting 
deuterium for hydrogen in appropriate positions and following the 
migration process by n. m. r. techniques. When l-deuterio-indene 
(1 17) was heated at 200 0C, the deuterium label was scrambled over all 
the non-benzenoid carbons, despite the necessity of proceeding through 
we 
the unstable iso-indene (118). 




Almy and Cram 
85 
 established that migration in the indene 
system is a suprafacial, stereospecific process, and also showed a 
definite isotope effect favouring hydrogen migration over deuterium 
migration. The suprafacial nature of the [1, 5] hydrogen migration 
has also been demonstrated conclusively in acyclic systems by Roth 
et al. 
86 
 The optically active diene (119) gave the two isomers expected 
from a suprafacia]. [1, 5] shift, but gave neither of the isomers expected 
of an antarafacial migration. 
H. 
	









B. 	[1, ii Carbon Migrations 
1) 	Alkyl Groups 
When an alkyl group undergoes a [1, j] migration the same rules 
apply as for [1, j] hydrogen migrations. In addition, however, the 
opposite lobe of the alkyl bonding orbital can be used in the formation 
of a new a -bond at the j-th carbon atom. 
Il
e 
R-R 2 RL.-R1 
R_ 
+ 
Two modes of [1, 3] migration of an sp 3 hybridised carbon are 
therefore allowed by orbital symmetry considerations. In suprafacial 
migration as above, carbon uses both lobes of a p-orbital for con-
tinuous bonding, and since the new bond is formed on the opposite side 
of the bond which is broken, there is inversion of configuration at the 
migrating carbon. Antarafacial migration involves retention of 
configuration, but, as in the case of hydrogen migration, is geometrically 
very strained and a clear-cut example has not been observed. The 
inversion occurring in the suprafacial pathway has been elegantly 
demonstrated in the bicyclic [3. 2. O]hept-2-ene system (120) by Berson 








A [1, 5] alkyl group migration can follow the same suprafacial 
course as hydrogen. Now the carbon uses only one face of the p-orbital 
for bonding, giving retention of configuration in the migrating group. 
This is now documented in several cyclic dienic systems. The first 
unambiguous [1, 5] alkyl shift was reported by Kloosterziel89' 
90 
 in 
the study of 1, 5, 5- and 2, 5, 5- trim ethylcyclopentadienes. The 
mechanism leading to the more stable trimethylcyclopentadienes may 
be formulated as an initial slow [1, 5] methyl migration followed by 
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CH 	 H 
63 
[1, 5] alkyl migration has also been observed in several heterocyclic 
dienes. A [1, 5] methyl shift has been reported by Maier 
76 
 and co-








A particularly facile [1, 5] alkyl shift has been reported by Sergio 
and co-workers. 
91,92 
 This occurs spontaneously in the intermediary 
pyrazoles formed in the cycloaddition of disubstituted acetylenes to 
diazocyclopentadienes (Scheme 33). By contrast, the hydrocarbon 
analogues described by Kloosterziel 93 rearrange at 280-380
0 
. 
There is only one definite example of [1, 7] carbon migration. 
Each step in the circumambulatory mechanism (Scheme 34) was 
established by Klarner 
199
as proceeding with inversion of configuration 
at the migrating centre. 
CH 
NC 
Scheme 	 1L 
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B. 2) Aromatic Groups 
94,95 
Miller and co-workers 	have studied the relative rates 
of migration of hydrogen, phenyl and methyl in the indene system, in 
diphenyl ether, and found migratory aptitudes where H > C 
6 H 
 5 > CH 3' 
Improved transition state bridging by the hydrogen s-orbital compared 
to the sp 2-orbital of a phenyl group or the sp 3 -orbital of a methyl group 
was suggested to explain this order. McCulloch and McClory 
96. 
 have
more recently studied phenyl migration in the indene system (121) to 





X = p-OMe,p --Br,p -CN 
-Bromo and p-methoxy substituents had little effect on migratory 
aptitude, as might be expected for a simple [1, 5] process; however, 
p-cyano substitution greatly altered the cyclisation process in favour 
of (122) which was interpreted as indicating some radical character 
to the overall process or transition state. 
B. 3) Carbon Functional Groups 
Recently there have been a number of reports of apparent 
sigmatropic migration of carbon functional groups in five- and six-
membered diene ring systems. With few exceptions, the migrating 
atom has been sp 2-hybridised. For the [1, 5] sigmatropic shift, the 
P..-CH3  C)qH3 cl,5Jx  H3 
fast migration of unsaturated groups such as vinyl 97,98 and acyl 99,100  
groups compared to alkyl groups is striking. Sharp et a1 reported 
the [1, 5] migration of a vinyl group in preference to a methyl group 
following the thermal rearrangement of 3H-1, 2-diazepines (123). 
H3 	CH3 
' 000 	H 
NN 1 	R 
(123) 	a) R1 = R2 = CH3 
b)R1 =H ; R2 =CH3 
13 
 
Schiess and Funfschilling 99 determined that formyl and acetyl 
groups, as well as carbomethoxy, also undergo [1, 51 sigmatropic 
migration in the 1, 3-cyclohexadiene system (124) with migratory 
aptitudes in the order CHO>> COMe> H> COOMe. 
qr CH3 	qCH3 	 H. CH3 
X = COOMe,COMe,CHO,H 
67 
Jones and Kneen 100 showed that a variety of 1-acyl-1, 3-dimethyl-
indenes (124; X = acyl) rearranged thermally to 2-acyl-1, 3-dimethyl-
indenes (126) and on the basis of trapping experiments proposed a 
mechanism for the rearrangement (Scheme 34) involving [1, 5] sigriatropic 
shift to a 2E- indene intermediate (125) followed by a [1, 5] hydrogen 
shift to the products (126). For XCHO, COMe and Coph, reverse 
acyl shift, in (125) was more rapid than the hydrogen shift leading to 
(126) in accord with the migratory aptitudes reported by Schiess and 
Funlschilling. 99 
(124) (125) (126) 
Scheme 34 
C. 	Organometallic Group Shifts 
Sigmatropic migrations of organometallic groups have been 
extensively investigated, because of their remarkable mobility. Fritz 
and Kreiter 101 first demonstrated that trimethylsilyl shifts rapidly 
around a cyclopentadiene ring from the fluxional n. m. r. behaviour of 
5- trimethylsilylcyclopentadiene (127). The processes occurring here 
may be considered as a competition between hydrogen and trimethyl-
silyl (Scheme 35). 
HXSMe 3 
(127) 






Q-SiMe 3 	etc. 
H 
Scheme 35 
[it 5] SIMe3 
Both Ashe '°2 and McLean and Reed 
103 
 estimated the rate of signal 
averaging observed could be consistent only with a [1, 5] SiMe 3 migration 
rate 106  greater than for [1,5] H migration. Here, a 1, 2-shift by a 
least motion pathway is indistinguishable from a true [1, 5] sigmatropic 
route. However, the same is not true in cycloheptatriene and it was 
found by Larabee '°4 that in triphenyl-7-cyclohepta-1, 3, 5-trienyltin 
(128), the migration of a triphenylstannyl group occurred in a [1, 5] 
manner. Surprisingly, in 7-trimethylsilylcycloheptatriene (129), [1, 5] 
hydrogen migration is actually faster 
105 
 than [1, 5] trirnethylsilyl. 
A possible explanation is that the large organometallic group 










HS i M e3 
	 Me3 
(129) 
it can for planar cyclopentadiene, with apparently the more metallic 
groupings having no such conformational difficulty. 
D. 	Relative Rates of Migration 
Jones and co-workers 
106 
 have prepared their 2-substituted- 
1, 3-dimethylindene substrates (124) in optically active form, the rate 
of racemisation to the symmetric iso-indenes (125) providing quantitative 
migratory aptitude data. Migratory aptitude was found to decrease in 
the order: HCO> COPh " GOGH 3 > H> vinyl > CONHMe > CO2Ph> 
GO2Me > GN> CCH> alkyl. 
It is suggested that a similar order may apply to all [1, 5] 
sigmatropic shifts over diene and hetero-diene frameworks. No 
migration was observed in (124) where X = alkyl. Similarly where 
X =CH 2 OAc,  GH 2CHO, the substrate (124) was resistant to racemisation, 
70 
suggesting that inductive effects are not responsible for the more 
ready migration of unsaturated groups. The slow migration of the 
ethynyl and nitrile groups suggests that increased s-character in the 
migrating bond is not the dominant factor determining migratory 
aptitude, as suggested by Miller. 	Bond dissociation energies of 
the alkyl-acyl bonds also fail to account for the observed trend as the 
alkyl-formyl bond is considerably stronger than the alkyl-beuzoyl 
bond, yet migrates 10 3 more rapidly. It is proposed that the fast 
migration of forrnyl, acetyl and benzoyl groups is, at least in part, 
* 
due to a secondary interaction involving the carbonylrr orbital by 
overlap between the indene HOMO (Tr 4 ) and the carbonyl LUMO 
(7f*)• 
The formyl group can be arranged with its oxygen arranged either 






The presence of destabilising secondary interactions involving 
the oxygen ygen ii component favours the exo-arrangement and the formyl 
group appears to be ideally constituted for migration via this preferred 
mode, the t  carbon exponent of the low, energy Tr orbital making good 
overlap with the cyclopentadiene carbons C-2 and C-5. For other 
acyl groups, a steric or electronic effect between the group R and the 
cyclopentadiene ring will tend to prevent such effective interaction. 
Rapid formyl migration has also been reported 
107 
 in 5-formyl-1, 2, 3,4, 5-
pentamethylcyclopenta-1, 3-diene (132) where the [1, 5] migratory 




Evidence that such processes are exclusively [1, 5] sigmatropic 
has been published by Field and Jones. 
108
The stereospecific inter- 
conversion of the unsymmetrically substituted indene (133) and its isomer 
(134wLththe formyl group remaining as one face provides strong 
evidence: against a radical pathway. 
CHO 	 Iv 
/ CHO 
CH20Me 	 CH20Me 
(133) 	 (134) 
72 
For the wide range of migrating groups studied by Jones, 106 
resonance, inductive, steric, bond strength, and secondary interaction 
effects may differ. Recently, migratory aptitudes within related groups 
have been examined in more detail. Schiess and Stalder 109 quote 
alkyl migration tendencies, benzyl>> ethyl> methyl in the 3, 3-disub-
stituted 3H-pyrazole system (135) and similar aptitudes have been 
published by Dolbier 
110
using an isoindene system. 
c? H3 3 RCH R = CH2C6H5 
RNH 	
C2H5 
CH 	 CF-I3 	 CH3 
(135) 
111 
Field and Jones 	have studied the migratory aptitudes for 
substituted vinyl groups in the indene system (124). E-Substituents 
on the vinyl group produce much larger effects than - substi tuents on. a 
phenyl ring and migratory aptitudes of E-(CHCHX) correlate with the 
resonance electron-withdrawing ability of X supporting the view that 
the more rapid rearrangement of unsaturated than saturated groups is 
* 
associated with secondary interaction involving the ir orbital of the 
migrating group. Z-Vinyl groups migrate faster than the corresponding 
E-vinyl groups in accord with preferred migration via an exo-arrange-
ment. 
73 
5) ACYLATION REACTIONS OF AZOMETHINES 
Azomethines contain the polarised carbon nitrogen double bond 
(136), compounds of this class including aldimines R 1 CH=NR, 
ketimines R 1 R 2C=NR, and azines R 1 R 2C=N-NCR 3R, as well as 
common heterocyclic compounds such as pyridine and quinoline. All 
can undergo a variety of addition reactions where reagents RX add to 
the polarised carbon-nitrogen double bond (136), equilibrium of the 
ionic tautomer (137) and the covalent tautomer (138) being possible in 
cases where the anions are good nucleophiles. 
	
RX 	 _ I ' ;C X 	-C-N I X 
(136) 	/ 	(137) 	 (138) 
In the reaction of acid halides with azomethines, the acyl group 
attaches to the nitrogen atom of the azomethine group, N- a-haloalkyl 
amides being formed by acid halide addition to aldiminesUZ  and 
analogous additions to formaldiminesU3  and ketiminesU4 have been 
performed with several types of acid halide. For example, N-benzyl-
idenemethylamine (139) reacts with carboxylic acid chlorides in ether 
to form the addition product N- a-haloalkyl carboxylic acid amide (142), 
in equilibrium with the N-acyliminium ions 
112 
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(142) 





-Lactams may also be prepared from these intermediates. 
115 
 N-
Benzylidenemethylarnine reacts with cyanoacetyl chloride to form the 
addition product (143). This is converted with triethylamine, by 
elimination of hydrogen chloride, to the corresponding 13-lactam (144). 








In the case of acylation of azines, Bohme and Ebel' 
16 
 were 
able to isolate the azinium salt (146), characterised only by its analysis 
and hydrolysis to hydrazine, from the acylation of azine (145) with 
75 
ethyl chloroformate. It appears that this compound would rather 
exist as a covalent structure (147). 
H3C ,CH3 
CNN=C\ 	(145) 
H3 C 	 CH3 
CtCO2C2H5 
CO2C2H 
H3C 	I ,cH3 





H3C 	 CH3 
CE 
(147) 
As a result of their carbirnium salt nature, the iminium salts are 
powerful electrophiles which can easily attack all types of strong and 
weak nucleophiles, with C-O, C-S, C-N, C-P and C-C bond formation 
being rendered possible, summarised in Scheme 36. 
Iminium salts (148) can react with alcohols to give ethers 
112
(149) 
and with mercaptans or thiophenols to give thioethers U2  (150). Reactions 
with primary or secondary ax-nines are of interest only in special cases 
for the preparation of aminals. With tertiary amines in aprotic polar 
solvents, monoquaternary salts of aminals (151) are formed. 117 These 
are highly reactive electrophiles, undergoing hydrolysis and thermal 
decomposition very readily. With lithium dimethyl phosphide, the 
methyl phosphines (152) are obtained, 
118 
 inflammable upon contact 
76 
I R1\ 	,R 	R OH R 3} A 	 R 5 	 J3 N—C—ON 
R R" 1 [ 	'R4J 2 	R4 
(148) 
R5SH R1\ 
R,N ? S 
2 	R 
(R5)3N [R1\ 13 
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9. 
( N—C—CN A 
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with air. A range of C-C forming reactions is also possible. 
Solvolysis of (148) with HCN is an exothermic reaction yielding the 
nitrile salts 119 (153), the free nitriles being obtained on treatment 
of the salt by base, or by reaction of (148) in aqueous alkali cyanide 
solutions. 
120, 121 
Reactions with tertiary C-H acidic compounds has 
also been described, such as with the monoalkyl- or monoarylmalonic 
esters 122 to give (154). Hydrolysis of iminium salts (148) also occurs 
very readily, with formation of the carbonyl component, and a secondary 
ammonium salt (155). 
R1 - R3 A7 R/NC\
R4 2  
(148) 
H20 	R 	+ 




Where the azomethine group is part of an aromatic ring, for 
example in pyridine and quinoline, then acylation gives iminium salts 
such as (156) from quinoline. These are susceptible to attack by 
nucleophiles at the ring a-carbon, giving the class of compounds 
known as the quinoline Reiss ert compounds (157). 
HR2 	 HX 
(NaR2)  
1CTJ<F2 (NaX) 
OR1 	 ~OR, 
(156) 	 (157) 
Mainly C-C bond formation has been examined, and amongst 
the nucleophile. that can enter position 2 of the quinoline ring during 
78 
a Reissert reaction are cyano 
123 
 (R 2 = CN), phenylethynyl ion 124  
(R 2 = PhCC), and indoles, for example, (R 2 = indol-3-yl). 125 
Iminium salts (156) are also very hydrolytically unstable. The 
nucleophile here is hydroxyl ion, and attack at the ring a-carbon leads 
to ring opening. The original observation of Reissert '22 was that a 
crystalline compound was obtained from quinoline and an aqueous 
mixture of benzoyl chloride and sodium hydroxide (or sodium cyanide). 
Not until 1964 was this conclusively assigned the trans -cinnimaldehyde 
structure (158). 
- 








Seven-membered ring systems such as diazepines and benzo-
diazepines can also contain the azomethine group, but the acylation 
of this class of compounds has not been extensively studied. Azine 
systems (159) bear a similarity to the diazepine systems which have 




(159) (160) (161) 
Compounds of type (160) have been found to undergo facile acylation 127,128  
with acid chlorides into the corresponding 1H-1, 2-diazepine derivatives 
(163). Here, the intermediate iminium salt (162), which is not isolable, 











R=Ph R1 = CH3 ,OCH3 OC2H51 Ph 
Similarly, the reaction of the 5H-2, 3-benzodiazepine (164) 
with either p-nitrobenzoyl chloride or acetic anhydride results in 
acylation at N-3 with concomitant CN bond migration to give (165). 129 
No examples have so far been recorded where the iminium intermediates, 


















R = CH 3 ,p-NO2Ar 
6) 	ISOQUINOLINE N-IMINES 
The N-imines are members of the isoelectronic and isosteric 
series: N-oxides, N-imines and N-ylides (Figure 166). 




Efficient methods of preparation of j-imines were not 
discovered until recently, reflecting the paucity of papers published, 130 
and only since 1965 have N-imines been actively studied. In general, 
amine N-imines are derived formally from tertiary amines by 
replacing the free pair of electrons by an imino group. Isoquinoline 
N-imines are a member of the class of heteroaromatic N-imines which 
are derived from heteroaromatic compounds containing an azomethine 
nitrogen atom in the molecule. An unusually high stability is observed 
for this type of compound. 
The synthesis of isoquinoline N-imines was reported in 1962 by 
Huisgen131 by the amination of isoquinoline with hydroxylamine 0 -sul-
phonic acid, followed by deprotonation with hydroxide ion to give (167). 
This, like all unsubstituted isoquinoline-N-imines, dimerises to give 
the hexahydrotetrazine (168) the process being reversible by mild 
heating. 131 
Routes to the substituted systems (172) were pioneered by 
132 
Tamura and co-workers 	by the reaction of N-(2, 4-dinitrophenyl)- 
82 





. C:)c NNH 
(167) 
isoquinolinium chloride (169) with hydrazines, giving the 
2-(2, 4- dinitroanilino)-o- styrylaldehyde hydrazones (170). Treatment 
with hydrochloric acid in ethanol converts (170) to the -aminoiso-
















R=2,4-DNP R1 =COR2 ,CONH2 ,Ar 
A very similar method has been used by Garkusha-Bozhko and co-
workers 
133 
 who have treated isoquinolinium salts with substituted 
hydrazines. They also have used the treatment of isoquinolinium salts 
with substituted hydrazines in their synthesis, but where Tamura used 
only the N-(2, 4-dinitrophenyl)isoquinolinium salts, here N-methyl, 
-tosyl, -ethyl, and -H isoquinolinium salts have all been successfully 
used to synthesise isoquinoline N-imines. The isoquinolinium salt is 
treated with a hydrazine in aqueous sodium hydroxide and the isoquinoline-
N-imines are obtained in good yields (Scheme 37). 
An interesting point in this work is the postulate that there is a 





P1 = H,COPh 
Scheme 37 
benzodiazepine was not isolated and very little detail is given about its 







Such an intermediate was again postulated in the work of 
Anderson and Sharp, 
134 
 who unexpectedly obtained isoquinoline N-
imines by the cyclisation of suiphonyl- and acyl-hydrazones of 2- 
ethynylbenzaldehyde (174) in the presence of mild base at room tempera-
ture. The proposed mechanism involves the participation of the 
hydrazone anions which can cyclise via endo-attack of the anionic 
nitrogen on the alkyne bond to give the 3H-2, 3-benzodiazepines (173). 
These rapidly rearrange to give the isolated products, the aromatic 
isoquinoline N-imines (172), which would be expected to be more stable 













In 	 I 
N" 
I 	I 	rN 
R1 =Ts, SO2Me,SO2Ph,COPh 
	
(172) 
Alternatively, the hydrazone anion (175) may cyclise by nucleophilic 
attack of the neutral nitrogen, its nucleophilicity enhanced by the 
negative charge on the anion, thus forming the six-membered ring 
directly. 
I 
=N—N--R1 	 INN- C:Y: )~ *N  01:'.11 ~ N 
(175) (172) 
The most convenient method of synthesising isoquinoline N-
imines is another method developed by Tamura and co-workers. 135 
This involves the use of -mesitylsulphonylhydroxylamine (MSH) in the 
amination of isoquinoline, followed by acylation of the N-aminoiso-
quinolinium salt (176) and deprotonation under basic conditions. 
RCOCE, 
? 	MSH HB 
w  0° 
OMes NH2  
(176) 
This is now the method of choice for the synthesis of most hetero-
aromatic N-imines. 
Reactions of Isoguirioline N-imines 
The photochemistry of the isoquinoline N-irnines is different 
from that of the related pyri dine N-irnines which yield N- substituted 
diazepines. 
130 
 Here, the products obtained are the 1-acylaminoiso-






NCOR 	 (177) 
R=CH2Ph,Ar 	[ 	CORJ 
(178) 
This reaction path can be altered in the case of 1-methyl substituted 
isoquinoline N-irnines. Where RCOPh, then N-N bond cleavage 
occurs. 
81 
 However, where RCO 2Et then the 1H-1, 3-benzodiazepine 
(181) is isolated. 
136 
 It is proposed that the diaziridine intermediate 
(179) undergoes a [1, 5] sigmatropic shift to the aziridine (180) which 




rMeI N,4 R R 	J. 
(180) (181) 
LIA 
Isoquinoline -imines are in fact stable members of the group of 






These are normally short-lived intermediates, with typical 1, 3-dipolar 
reactivity, as discussed in Section 1, undergoing cycloaddition reactions 
characteristic of 1, 3-dipoles. The relatively stable isoquinoline N-
imines have the CN bond as part of the heteroaromatic ring and the 
low reactivity is due to the loss of the pyridine ring resonance in the 
course of the cycloaddition. The unsubstituted isoquinoline N-imines 
are most reactive, and will add to nitriles, acetylenedicarboxylic esters, 
propiolic acid esters and carbon disulphide. 130 For example, 
isoquinoline N-imine (167) reacts with diethyl acetylenedicarboxylate 






Me02C— - CO2Me 
(183) 
N-Substituted isoquinoline N-imines will also undergo 1, 3-dipolar 
cycloadditions. Studies have been limited to the reactions of iso-
quinoline N-phenylimine (184) which reacts with acenaphthylene to give 
a hexacyclic pyrazolidine (185), this addition proceeding similarly with 
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Programme of Research 
The only route to 1H-2, 3-benzodiazepines 41 (62) is provided 
by the 1, 7-electrocyclic ring closure of a-(o-alkenylaryl)di.azo-
alkanes (60). The base-catalysed isomerisation of the products (62) 
is the most versatile and convenient route to the 5H-isomers 
41 
 (107). 









The first objective was to ascertain whether this principle 
could be used to synthesise new heterocyclic systems in which the 
1, 2-diazepine is fused to five-membered heteroaromatic rings. A 
thiophene ring providing 43-unsaturation was chosen initially for the 
91 
heteroaromatic ring, since the higher reactivity of the 2- and 5-
positions of thiophene would allow control over the substitution pattern 
in ring functionalisation. A styryl group was chosen for-y5-unsaturation, 
since a similarly placed phenyl group was known to stabilise analogous 
benzodiazepines. There are three distinct arrangements of a diazo 
group and an adjacent styryl group within the constraints of a thiophene 






(186) 	 (187) 	 (188) 1 
N=N 
Figure 1 
Also it was hoped to examine the effect on the 1, 7-electrocyclisation 
of replacing the''6-o1efinic unsaturation in these systems byy6-aromatic 
unsaturation, for example (189). Here, if 1, 7-electrocyclisation 
occurrd, the intermediate (190) would have lost aromatic stabilisation 
in both the thiophene and phenyl rings. We wished to observe if this 
would inhibit the cyclisation process and allow the competing decom-
position of the diazoalkene to a carbene to dominate. 
A further potential area of interest was to examine more closely 
the second step of the reaction mechanism by which 1H-2, 3-benzo-
diazepines (62) are formed. This is proposed to be a [1, 5] sigmatropic 











completion. In the light of the observations that [1, 5] sigmatropic 
migration for groups such as formyl, acetyl, benzoyl99' 100 and 
trimethylsilyl 102 is more facile than for hydrogen in certain systems 
such as 1, 3-cyclohexadiene, 99 cyclopentadiene, 102, 107 and indene 100  
and with the suggestion that similar migration tendencies may apply 
to all [1, ] sigmatropic shifts, 
106 
 it was of interest to examine the 
reactions of diazoalkenes of type (191), where R 2 would be a group 
of high sigmatropic mobility and R 3 would be a group such as alkyl 
which does not undergo migration readily. Here, it was hoped that 




(191) '  R1 
of the diazepine synthesis and giving further information about 
sigmatropic mobility in heterocyclic systems. 
Finally, it was hoped to use some of the thieno- and benzo[l, 2] 
diazepine products bbtained from the research programme as sub-
strates in electrophiic reactions in order to gain some insight into 
their reactivity in such reactions, an area of their chemistry which 
has not previously been studied in depth. 
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1) 	THIENO[1, 2]DIAZEPINES 
a) 	Synthesis of Formyl-(E- 2-phenylethenyl)thiophenes 
The target diazo-compounds (186)-( 188) were to be derived from 




CHO 	 Ph 	CHO 
~Ph 
(192) 	 (193) 	(194) 
Therefore, the initial priority was a synthesis of the three 
aldehydes 3-Formyl-2-(E-2-phenylethenyl)thiophene (192) was 
synthesised as shown (Scheme 2) starting from 2-formyl-3-methylthio-
phene (195). This undergoes a Wittig reaction with benzyltriphenyl-
phosphonium bromide to introduce the styryl group at position 2 as 
an E and Z mixture (196), converted to the pure E-form (197) by 
heating under reflux in n-heptane using iodine as a catalyst. The 
functionalisation of the 3-methyl group to a 3-formyl group was 
achieved by using the selectivity of N-bromosuccinimide for allylic 
bromination when initiated by peroxides, 
136 
 in this case benzoyl 
peroxide. This reaction gave the unstable bromomethyl compound 
(198), which was isolated as its hexamethylenetetramine salt (199). 





























reaction, by heating under reflux in 50% acetic acid. The feasibility 
of this route was firstly ascertained by the analogous synthesis of 
1 -fo rrnyl- 2-(E- 2-phenylethenyl)benzene [or Z-formylstilbene] (201) 
from o-tolualdehyde (200). The synthesis of 2-formyl-3-(E-2-phenyl-
ethenyl)thiophene (193) began with 3-methylthiophene (202). This was 
brominated at position 2 of the thiophene ring, using N-bromosuccinimide 
in the absence of free-radical initiator, to give 2-bromo-3-methyl-
thiophene (203). An allylic bromination using benzoyl peroxide- 
initiated N-bromosuccinimi de then gave 2-bromo- 3-bromoniethyl-
thiophene (204) which was converted by reaction with triphenylphosphine 
to the phosphonium salt (205). This was reacted with benzaldehyde in 
the presence of sodium ethoxide to give 2-bromo-3-(2-phenylethenyl)-
thiophene as an E and Z mixture (206) which, on heating under reflux 
in n-heptane with iodine as catalyst, gave the pure E-isomer (207). 
A Grignard reagent was prepared from this, whose reaction with 
dimethylformamide and subsequent hydrolysis gave the desired aldehyde 
(193), Scheme 3. 
Synthesis of 3-formyl-4-(E-2-phenylethenyl)thiophene (194), 
required functionalisation of the less reactive 3- and 4-positions of 
the thiophene ring. This was achieved by total bromination of the 
thiophene ring, followed by reduction of the more reactive 2- and 5-
positions with zinc in acetic acid to give 3,4-dibromothiophene (208). 
Halogen-metal exchange on reaction with n-butyllithium in ether gave 
an intermediate thienyllithium derivative which was reacted with 
dimethylformamide to give 4-bromo-3-formylthiophene (209). The 
standard Wittig reaction with benzyltriphenylphosphonium bromide 
97 






















was used to introduce the styryl group. Finally, the formyl group 
was introduced by a further halogen-metal exchange, reaction with 
dimethylformamide, and subsequent hydrolysis to give (194), Scheme 4. 
0s,  ow 






















b) 	Decomposition of Tosyihydrazone Sodium Salts 
All three aldehydes (192), (193) and (194) were converted by 
condensation with toluene-R- sulphonylhydrazide to the corresponding 
toluene-2- sulphonylhydrazones, which precipitated out on cooling. 
These were used to generate the required diazo-compounds via the 
Barnfo rd- Stevens reaction. 49 .50 
Conversion to the sodium salts was carried out by stirring at 
room temperature in super-dry ethanol containing exactly one molar 
-- 	equivalent of sodium ethoxide, so as not to cause the conversion of 
Ui-products to their 5H-isomers by base catalysis. The decomposition 
of this series of toluene- - sulphonylhydrazone salts was carried out 
in boiling dimethoxyethane for the minimum time required to consume 
all of the starting material. The products were isolated by filtering 
off the sodium--toluenesu1'phinate precipitated during the reaction, 
removing the solvent by evaporation under reduced pressure, and 
separating the residue by chromatography. 
The reactions of the diazo compounds (186) and (187) exactly 
paralleled those of the aryl analogues 41 (60) giving the 3H-thieno[l, 2]-
diazepines (210) and (211) respectively in high yield, thus providing 



















The mass spectra of the cyclisation products showed only a small 
peak due to the parent ion and a base peak of (P-2). This facile 
loss of twenty-eight mass units (N 2) from the parent ion is typical of 
cyclic azo compounds. These were readily isomerised to the 4H- 
thieno[l, Z]diazepines (213) and (214) by treatment with sodium ethoxide 
in ethanol as reported for the benzodiazepines, 41 for example the 
analogous isomerisation of 4-phenyl-1H-2, 3-benzodiazepine (212) 
to 4-phenyl- 5H- 2, 3-benzodiaz epine (215). 
101 
H- 4-N 















Here, the mass spectra show the parent ion as the base peak, 
fragmenting via loss of PhCN from the molecular ion. Both sets 
of compounds exhibit n. m. r. spectra similar to their benzo-analogues. 
The 1 H n. m. r. spectra of the 1-benzodiazepines 41 showed that where 
there were two hydrogen subs tituents (exo and endo) at position-1 in 
the diazepine ring, they had very different chemical shifts, as 
observed for the analogous 3H-thienol, 2]diazepines, for example 
(211), as shown in Figure 6. 
Here, Ha (endo) absorbs at 5 2. 9 and Fib () absorbs at 66.6. 
This large difference arises from the deshielding effect that the 
adjacent azo group has on a-protons which lie in the -C-NN- plane, 
102 
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as the exo proton does in this case. This effect has been studied 
by Ege and Sharp, 
138
who found that it does not derive solely from 
magnetic anisotropy. An examination of the temperature dependence 
of the spectrum showed that the (a) and (b) doublets broadened with 
increasing temperature, and eventually coalesced; this is consistent 
with inversion of the seven membered ring. On cooling, the original 
spectrum was restored, providing that the compound was not held at 
the high temperature long enough for extensive thermolysis to occur. 
Similar temperature dependence was exhibited by the 4H-thieno[l, 2]-
diazepines as shown for (214) in Figure 7. 
The n. m. r. coalescence temperature (T) allows calculation of 
the free energies of activation for ring inversion (A G ) from the well-
developed theory of line broadening. 
139 
 For the coalescence of an 
AB-type spectrum, the rate constant K of chemical exchange at the 
140 
coalescence temperature T   is given 	by 
2 	2 
C 
K = rr (A\ AB + 6AB 24/2 
where J 	 is the coupling constant in ' , ween the nuclei A and B.AB 
The rate constant of isomerisation is related to AG in accordance 




c 	c c 
h 
kb = Boltzmann const. 
R = gas const. 
T = coalescence temp. 
h =Planck const. 
Thus, a value of A G can be obtained with high accuracy, since 
104 
this is dependent on T, which can be measured very accurately. 
The n. m. r. coalescence temperatures and A G values calculated 
in this way are given in Table 1 together with those of the similarly 
substituted benzo[1, Z]diazepines (212) and (215) for comparison. 
Table 1 
Coalescence temperatures and free energies of activation for ring 
inversion of thieno- and benzo-[1, 2]diazepines. 
Compound T/° C &G /kjmol 1 
(21 2) 102±10 72±2 
 74+10 66+2 
 82±10 68±2 
(21 5) 55±2 65.6+0.4 
 -1+2 53.4+0.4 
 -7± 2 51 . 8± 0 . 4 
The values of the temperature of coalescence for the methylene 
protons are less precise for the first set, the 3H-1, 2-diazepines, 
because of the greater difficulty in determining T   when the chemical 
shift difference is high. 
It can be seen that for both classes of diazepine, the \G 
values are lower for the thieno- than for the benzo-diazepines, the 
difference being greater for the 4H-1, 2-diazepines (213)-(215) (ca. 
12-14 kJmol 
1) 
 than for the 3H-isomers (210)-(212) (ca. 4-6 kJmol 
There are several factors which may affect the inversion barrier in 
105 
these systems, for example: 
changes in both angle strain and in non-bonded interactions 
as the preferred 'bent' conformer becomes planar in the transition 
state, 
conjugative stabilisation of the planar transition state. 
The differences in (a) between the benzo- and thieno-diazepines 
can be shown to be in accord with the observed trend. 
Considering first the changes in angle strain: a Dreiding model 
shows that the non-annelated diazepine ring (217) can pucker so that 
in its 'bent' form all the angles have approximately their preferred 
values. Then the angle 0 between the external bonds on the d side 
will be close to 600  as shown (217a). Thus, the fusion of a benzene 
ring (216a) will contribute no extra angle strain, but the fusion of a 
thiophene ring (216b) will have some destabilising effect. 
However, when the diazepine ring is flattened in the transition 
state for inversion (Zl7b) the ring angles increase (to 128 0 for a 
0 
symmetrical ring), and 0 is compressed to ca 51 . This will now be 
resisted by the fused benzene ring, but more readily accommodated 
by Phe fused thiophene ring. Thus, in terms of angle strain, the 
effect of substituting the thieno- for the benzo-ring is to destabilise 
the 'bent' form and stabilise the planar transition state for inversion. 
A similar effect is predictable for non-bonded interactions. 
It was suggested 
41 
 for the 5-benzodiazepines (218) that the interaction 

















XH, Me and 2- tolyl ,  A G values are 65.6, 83. 2 and 92.4kJmol 
respectively. 
(218) 
A Dreiding model shows that even where X=H this interaction 
may still make some contribution to A G since the hydrogens approach 
to 2. l.R in the planar state, which is within the sum of their Van der 









will be less important. In (211) there is no pen-hydrogen, and in (210) 
the reduced size of the fused ring causes greater separation of the 
hydrogens. A similar argument would be expected to apply to the 
3H-1, 2-diazepines (215), (213) and (214) but the sensitivity of this 
system to the effect is not known since no 1H-2, 3-benzodiazepines 
(212) with substituents at the 5-position have been synthesised. 
The photolysis of the thieno[3H-I, 2]diazepines (210) and (211) 
was also examined. The irradiation of their dilute solutions in dry 
ether or dry cyclohexane afforded complete conversion to the isomeric 
products, the diaz etothienopyr roles (219) and (220) respectively, in 
quantitative yield, by [ff2 +712] reaction of the diazabutadiene 
subunit. 141 
H1-N\ 






The product structures were deduced by comparison of their 
spectra with those of their benzo-analogues. 141 
Although the diazo-compounds (186) and (187) cyclised readily to 
give thienodiazepines, the analogous compound (188) did not. In the 
reaction of (188) in 1, 2-dimethoxyethane, the red colour of the diazo-
compound persisted for much longer than for (186) and (187), and 
typical aryl carbene products resulted: the azine (221), the solvent 
insertion products (222) and (223), and material which appeared to be 
carbene tdimert  from its mass spectrum. 
The intermediacy of carbene (224) was shown by a trapping 
experiment using cyclohexene as the solvent in the decomposition. 
In this case, the cyclopropane derivative (225) was obtained in high 
yield, by addition of the carbene to the double bond of the solvent. 
There appears to be no interconversion of this 3-thienylcarbene (224) 
with the stabilised six-membered ring 611 electron a-thiopyranylidene 
(227). These, according to theoretical calculations, are likely to be 
highly stabilised 
142 
 and could be formed via the cyclopropene inter- 
mediate (226) by analogy with the known interconversion of arylmethylenes 
(228) and cycloheptatrienylidenes 
143
(229). 
R C-H 	 R 
(224) 	 (226) 	 (227) 
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The absence of ring expanded carbene products has also been 
observed in the 3-furylmethylenes. 
144 
 The failure of the diazo-
compound (188) to cyclise must lie in the electrocyclic nature of the 
reaction which requires adequate conjugation through the unsaturated 
system connecting the reacting terminal atoms. Apparently there is 
insufficient 7T - electron delocalisation in thiophene to make the double-
bond character of the 3,4-bond high enough to allow the electrocyclic 
ring closure to proceed as shown formally for one of the dipolar 
canonical forms (230) in Scheme 6. The greater TI -bond localisation 
in the thiophene system is also reflected in the carbene-derived products 
isolated. For the analogous benzo-system (231), the major product 
is the indene 14 (232), formed via  611 -electrocyclisation of the carbene. 
This seems to fail in system (224) due to the lack of conjugation for 










Ph / cnOQ_Ph 
(224) 
A similar effect has been encountered by Miller and Sharp 146 
in the reactions of the ctiazoalkenes (233) and (235) derived from the 
tosylhydrazone sodium salts of 2- (di- 2- thi enylm ethylene) cyclopentanone 
and 2-(di- 3- thienylmethylene)cyclopentanone. 
These form cyclopenta[f}thienodiazepines (234) and (236). 
respectively, the proposed mechanism being via attack of the diazo-
group on the thiophene ring, the aromaticity being restored by a 
subsequent [1, 5] sigrnatropic hydrogen migration. This is illustrated 
for the reaction of (233) in Scheme 7. 
The reaction of (233) shows that attack of the diazo group onto 
the 3-position of the thiophene ring is facile. Therefore, in the reaction 
of (235), ring closure could result in the formation of two isomeric 
products (236) and (237) via attack at the 2-position or 4-position of 
112 
the thiophene ring respectively. However, ring closure is observed 










Scheme 8 (237) 
I , 
113 
The lack of a formal double bond between atoms 3 and 4 
and its consequently lower double bond character apparently strongly 
inhibits the cyclisation at the 4-position of (235). 
11-4 
2) EFFECT OF -AROMATIC UNSATURATION ON 
CYCLISATION 
The apparent localisation of the double bonds in the thiophene 
nucleus suggested that it might indeed be possible to replace theS-
olefinic unsaturation by y6 -aromatic unsaturation in systems such as 
(189) and (238) without raising the activation energy of the 1, 7-electro-
cyclisation too high relative to the competing processes of 1, 5-
electrocyclisation and decomposition to carbenes. 
+ - 
	
~ I \~ 
N=N 





It was however anticipated that 1, 7-electrocyclisation was 
unlikely to be the only mode of reaction operational in these systems, 
as observed in the reaction of the formally similar diazoalkenes (239), 
Scheme 9. These are closely related to (238), differing by the olefin.ic 
double bond within the 5-membered cyclopentyl ring in (239) compared 
to the "aromatic" double bond of the 5-membered thiophene ring in 
(238). In the reaction of diazoalkenes (239) it was found that 1, 7-
electrocyclisation was possible as discussed in section 1) c) of the 
39 
Introduction. It is also notable that the partitioning of reaction between 
























structural modifications. When R=Me, all three modes operated 
to give the 3H-1, 2-benzodiazepine (240), the 3-pyrazole (241), and 
the hydrocarbon (242). When RPh, complete dominance of the 
carbenic reaction resulted, giving (242) in high yield. Yet when R=H, 
the only identified product was the azine (243) in very low yield. 
a) 	Synthesis of Phenyithienyl Aldehydes and Ketones 
The initial synthetic targets were the phenylthienyl aldehydes 
(244) and (245) and phenyithienyl ketones (246) and (247), as outlined 
in Scheme 10. 
Thiophene was brominated using 3 modes of bromine to give 
2, 3, 5-tribromothiophene (248), which was reduced at the more 
reactive positions to give 3-bromothiophene (249). On reaction of 
(249) with n-butyllithium, 3-thienyllithium was obtained, and subs-
quently reacted with cyclohexanone. The alcohol formed during 
hydrolytic work-up spontaneous ly dehydrated to give the alkene (250) 
which was aromatised using chloranil in boiling benzene, giving 3-
phenylthiophene (251). This underwent standard Vilsmeir-Haack 
formylation to give the aldehyde (245) and Friedel-Crafts acetylation 
to give the ketone (247). The other required carbonyl compounds (244) 
and (246) were also synthesised from 3-bromothiophene (249). 
Bromination of (249) using one mole of bromine gave 2, 3-dibromo-
thiophene (252). The phenyl group was introduced into the 2-position 
to give 2-phenyl-3-bromothiophene (253) by the same method as above, 
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produced by reaction of a 2-thienyllithium with cyclohexanone. The 
3-formyl group was then introduced by the reaction of (253) with n-
butyllithium to give a 3-thienyllithium intermediate followed by reaction 
with dimethylformamide and hydrolysis to give (244). This aldehyde 
underwent reaction with methylmagnesium iodide followed by hydrolysis 
to give the alcohol (254) which was oxidised to the required ketone (246). 
b) 	Decomposition of Tosyihydrazone Sodium Salts 
Both aldehydes (244), (245) and ketones (246), (247) were converted 
to their -toluenesulphonylhydrazones by reaction with -toluene-
sulphonylhydrazide in warm ethanol. In the case of the aldehydes, 
only mixing of the warm solutions was necessary. The ketones 
required more prolonged heating for complete reaction, commonly 
one hour, with a drop of concentrated hydrochloric acid as catalyst. 
The sodium salts were formed from these -toluenesulphonyl-
hydrazones using standard procedure, and were decomposed either in 
dry, refluxing 1, 2-dimethoxyethane or in dry cyclohexene. No 
electrocyclisation was observed however, via either a 6Tt or Sir mode 
of reaction. In all cases, the observed products could be accounted 
for in terms of further decomposition of the initially formed diazo-
compound to give a carbene. 
A wide variation in reaction character was observed, depending 
on both substituents at the carbene centre, the most dramatic changes 
being between the reactions of the 2-thienyl carbenes and the 3-thienyl 
carbenes. 
119 
Considering firstly the 3-thienyl carbenes; here, using 1, 2-. 
dimethoxyethane as the reaction solvent "normal" carbene products 
were isolated, the olefin (257) and the azine (258). These can be 
rationalised in terms of further decomposition of the diazoalkene (255) 
to give the carbene (256). This then attacks its diazoalkene precursor, 
the products formed depending upon whether nitrogen is lost (257) or 
retained (258). Direct evidence for the intermediacy of the carbene 
(256) was obtained by using cyclohexené as the reaction solvent. The 
cyclopropane derivative (259),. formed by carbene addition to the double 
bond of the solvent, is isolated together with olefin (257) and azine (258). 
Decomposing the to sylhydrazone sodium salt of 3-ac etyl- 2-phenylthio - 
phene however, gave only the thienoindene (262). The intermediate 
diazoalkene (260) apparently loses nitrogen to give the carbene (261) 
which in this case undergoes intramolecular rearrangement rather 
than intermolecular reaction. The observed product (262) is formed 
by an intramolecular carbene insertion into a C-H bond of the phenyl 






The strong preference for intramolecular reaction is shown 
by the fact that the yield of (262) was unaltered by changing the reaction 





































Surprisingly, there is no insertion into the C-H bond of the 
methyl group adjacent to the carbene centre to give the olefin (263). 
The decomposition of the tosylhydrazone sodium salts of 2- 
fo rmyl- 3- phenyithiophene and 2-ac etyl- 3- phenyithiophene would also 
be expected to give a diqzoalkene (264). However, the reaction products 
in both cases were dark red oils which were unstable to column chromato-
graphy and decomposed rapidly at room temperature to give multi-
component mixtures. The major process which appears to be 
occurring here is an intramolecular ring opening of the carbene (265) 
which is formed from the initial diazoalkene (264). This gives the 
a$3-unsaturated-Y6-acetylenic thioaldehydes (266) which would be 
expected to have a high tendency to oligomerise. 
147 
 It appeared from 
their mass spectra that the isolated oils contained thioaldehyde dimers 
(267), giving the correct parent ion, facile cleavage of the dimer to 
the monomer, and facile loss of sulphur. Other spectral data 
reinforced this conclusion. Where RH, the I. R. spectrum showed 
a terminal acetylene C-H stretch, and also an acetylene CE C stretch. 
N. m. r. showed the presence of an acetylenic proton (c53. 55), but the 
aromatic, olefinic and thioacetal protons appeared under a complex 
multiplet. Where RCH3 , the I.R. spectrum exhibited the acetylene 
CEC stretch, and n. m. r. showed a methyl group and a complex 
multiplet. 
The presence of the carbene (265) as a discrete intermediate was 
shown in a trapping reaction using cyclohexene as solvent, but the 
cyclopropane (268) was obtained only in low yield, the yield of (267) 
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The effect of changing y6 -olefinic unsaturation for Y6-aromatic 
unsaturation to give a43,1 6 -unsaturated diazoalkenes of type (189) is 
thus quite dramatic. It appears then that the activation energy is too 
high for 1, 7-electrocyclisation to occur in such systems, as it involves 
an intermediate (190) which has lost stabilisation in two aromatic rings. 
Further decomposition of the diazoalkene to give a carbene seems to 
be the exclusive reaction mode, but the reaction pathway undergone by 
the carbene is very dependent on its structural features. The 3-
thienylcarbenes examined do not undergo ring expansion or ring opening, 
but react as "normal" carbenes. The 2-thienylcarbenes examined 
undergo ring opening as the preferred reaction pathway probably to 
give highly unstable c43-unsaturated, y5 -olefinic thioaldehydes. A 
similar difference in reaction pathway has been reported 148  in thienyl-
diazoalkene systems (269) and (270) where no possibility of electro-










This variation is also exhibited between the 3-furylcarbenes 144 and 
2-furylcarbenes. 149 
It was thought that the potential aromatic destabilisation of the 
intermediate in 1, 7-electrocyclisation might be reduced where there 
were only thiophene rings involved. The decomposition of the sodium 
salt of the tosylhydrazone (274) was investigated, where there was no 
124 
possibility of ring-opening were a carbene to be generated. The 
2, 2'-bithienyl system was generated by coupling 2, 3-dibromothiophene 
(249) to give the dibromo compound (271). One of the bromines was 
removed by an entrain-ment Grignard procedure and the aldehyde (273) 
formed from the monobromocompound (272) by reaction of a 3-thienyl-
lithium intermediate with dime thylforrnamide followed by hydrolysis, 
Scheme 13. 
The sodium salt of the tosylhydrazone (274) was initially 
decomposed in dry 1, 2- dime thoxyethan e, Scheme 14. However it 
again appears that any diazoalkene (275) which was initially generated, 
lost nitrogen to give the carbene (276), as only carbene-derived products 
were observed. The azine (277) was formed by an intermolecular 
reaction with the diazoalkene precursor, and the 4H-cyclopentadithio-
phene (278) was formed by intramolecular insertion into a C-H bond 
of the adjacent thiophene ring. Changing the reaction solvent to 
cyclohexene did not reduce theyield of intramolecular product (278), 
but formed the cyclopropane derivative (279) in preference to azine - 
formation. 
Summarising this work on the electrocyclic reactions of cp,Y6 - 
unsaturated diazoalkanes involving thiophene subunits; where there 
is only one thiophene ring in the diazoalkene system, the loss of 
aromatic stabilisation in the intermediate does not inhibit 1, 7-
electrocyclisation involving the formal 2, 3-double bond of the ring. 
The apparent localisation of thiophene Tr bonds and consequently lower 







across the 3,4-bond of the thiophene ring. 
However, there is sufficient delocalisation throughout the 
thiophene ring to make unfavourable the disruption of two such rings 
in the intermediate for 1, 7-electrocyclisation. A reaction pathway 
of lower activation energy becomes operational, such as decomposition 
of the diazoalkene to form a carbene. 
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3) EFFECT OF MIGRATING GROUP ON CYCLISATION 
It has been proposed that the second step of the 1, 7-electro-
cyclisation which forms thieno[1, 2]diazepines is a [1, 5] sigmatropic 
hydrogen migration whose irreversibility drives the reaction to 
completion. 
With the recent observations that the migration of formyl, acetyl 
and benzoyl groups is more facile than hydrogen in 1, 3-cyclohexadiene 
systems 
99 
 and indene systems 
100 
 together with the suggestion that 
similar migration tendencies may apply to all [1, 5] sigmatropic shifts, 106 
it was now of interest to examine the reactions of diazoalkenes of 
type (280). 	
H 
I + - 
(280) 
In this system, proton migration is prevented by having only 
a methyl group and a migratable group (X) other than hydrogen at 
the reaction terminus. The diazo-group is generated at position-3 
of the thiophene ring to avoid ring-opening complications should a 
carbene be generated. 
The required precursors, the tosylhydrazones (288) were 
synthesised from the intermediate 3-bromothiophene (249) from which 
3-formyithiophene (281) and its ethylene acetal (282) were derived. 
127 
This acetal (262), on lithiation with n-butyllithium, exerts a directing 
effect specifically to the 2-position, enabling synthesis of a thiophene 
ring bearing an aldehyde and an ortho-protected aldehyde (283). It 
was decided initially to investigate the effect of an ester or benzoyl 
group at the reaction terminus. In such cases, the comparatively low 
reactivity of the carbonyl, compared to the aldehyde carbonyl, would 
cause fewer problems on forming tosyihydrazones. The required 
unsaturation was introduced via the phosphonate carbanion modification 
of the Wittig reaction. The parent phosphonates (284) were prepared 
by the Arbusov reaction, 
150 
 involving the reaction of triethyiphosphite 
with the a-halo ester or a-halo ketone. When phosphonate carbanions 
were generated from these by reaction with sodium hydride, the 
enhanced reactivity of the a-carbon allowed smooth methylation to give 
the required phosphonates (285). The carbanions generated from 
these by reaction with sodium ethoxide reacted readily with the 
aldehyde (283) to give the unsaturated acetal (286), readily cleaved by 
reaction with aqueous acid to give the aldehyde (287). From these, 
the required tosyLhydrazones (288) and the sodium salts derived from 
these could be prepared in the usual manner. 
Decomposition of the sodium salts was carried out in dry 1, 2-
dim ethoxyethane, the red colour observed in the initial stages of the 
reaction being indicative of the formation of the diazo-compounds 
(289) and (290). No cyclisation of the diazoalkenes was observed, 
only carbene-derived products typical of intermolecular reaction were 
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There could be two possible reasons for the failure of the 
cyclisation (Scheme 16): 
The reversible 1, 7-electrocyclisation (280293) might be 
occurring, but the activation energy for the migration of a carboethoxy 
or benzoyl group might be too high for the reaction to be driven across to 
completion with formation of the thienodiazepine (294). In this case, 
the intermediate (293) would revert to the diazoalkene (280) with 
subsequent decomposition to give the carbene (295). 
Alternatively, it was possible that the methyl group was proving 
to be a large enough steric barrier to prevent the approach of the 
130 
diazo group to the 7T-terminus, thereby inhibiting electrocyclisation 
directly, and causing decomposition to the carbéne (295) to be a more 
favourable process. The presence of this intermediate carbene was 
again shown where X=CO 2Et by a trapping experiment using cyclo-
hexene to give the cyclopropane (296), Scheme 16. 
It was then decided to replace the methyl group at the migration 
terminus by a proton, so allowing direct competition between the 
migration of the proton and the other migratable groups. The required 
precursory tosylhydrazones were prepared by a simple modification 
of Scheme 15, by using the parent phosphonates (284) instead of the 
a-methyl derivatives (285). 
Decomposition of the tosylhydrazone sodium salts in dry, 
refluxing 1, 2-dimethoxyethane again gave an initial red colour in 
the early stages of the reaction, indicative*of the generation of the 
diazoalkenes (297) and (298). In the case of (297), 1, 7-electro-
cyclisation did occur to give the thienodiazepine (299) in good yield, 
where hydrogen has migrated to the exclusion of the ethoxycarbonyl 
group. Although the migration of ethoxycarbonyl has been reported 
to be slower than hydrogen, it is apparently very much slower in this 
case, Scheme 17. On the other hand, benzoyl migration is reported 
to be faster than hydrogen migration, and some competition might 
have been expected in the cyclisation of (298). Here however, the 
results were complicated by the formation of an intractable polymer, 


































The exclusive hydrogen migration which was observed to give 
(99) may be due to a conformational effect on the transition state for 
migration. The migratory aptitudes measured by Jones and co-
workers 
106 
 were obtained using an indene system and in such five-






However, in larger polyene rings, the migrating atom or group can 
assume different conformational attitudes with respect to the TT-electron 
system. When 1, 7-electrocyclisation occurs, the seven-membered 
diazepine ring system will be formed, giving the intermediate (301), 
and the potential migrating groups at C-4 in this ring can occupy 
either pseudo-axial or pseudo-equatorial positions. In the subsequent 
[1,5] shift, the formation of a concerted cyclic transition state (302) 
can occur only with the group occupying the pseudo-axial position, 




4 	STERIC FACTORS AFFECTING CYCLISATION 
When examining the effect of replacing the terminal migrating 
hydrogen atom with groups of differing mobility towards sigmatropic 
shifts, it was found that diazo-compounds which are disubstituted at 
the ring closure site failed to cyclise. As discussed earlier, the 
failure of the 1, 7-electrocyclisation in these cases could be due either 
to the reluctance of groups other than hydrogen to undergo migration 
in the second stage of the reaction, 
to inhibition of the first ring closure step. 
Further studies on compounds of this type were carried out in 
the benzene series for simplicity of synthesis, using compounds of 






The basic reaction used in their synthesis was the reaction of the 
phosphonium salt (305) with the required aldehyde or ketone to give 
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135. 
Conversion of the precursory aldehydes (307) to tosylhydrazones 
and hence to tosyihydrazone sodium salts was carried out using standard 
methods. In all cases, the decomposition of the tosylhydrazone 
sodium salts was carried out in refluxing cyclohexane. The results 
for the disubstituted diazoalkenes (305), (306), (307) and (308) are 
shown in Scheme 17. In no case was any product of electrocyclisation 
isolated. The decomposition of (305) gave carbene products typical 
of intermolecular reaction. Product (309) was formed by carbene 
insertion into a C-H bond of the solvent, and carbene attack on the 
diazoalkene precursor gave the olefin (310) and the azine (311). Carbene 
formation here is not too surprising in view of the very low migration 
tendency of alkyl groups. 
The reactions. of the diazoalkenes (306) and (307) having both 
an alkyl and a phenyl group at the migration terminus were then 
examined. Here, there was a striking difference in reaction products 
from different stereochernical isomers. The E-2-phenylrnethyl-
ethenyl isomer (306) formed exclusively the azine (312) in high yield, 
whereas the Z-isomer formed the 9H- cyclohepta[a]naphthalene (313) by 
intramolecular reaction, and gave very little of the azine (314). 
Interestingly, in the reactions of (305) to (308), it appears that 
azine formation is favoured by resonance stabilisation of the diazo-
compound as its increased lifetime will increase the possibility of 
attack by carbene formed by diazoalkene decomposition. 
Diazoalkene (306) which is stabilised by the trans phenyl group 
gives only the azine whereas diazoalkene (307) has a cis phenyl group 
which cannot lie coplanar and hence effects no stabilisation on the 
Scheme 17 	
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diazo-group. Instead it causes steric destabilisation, favouring 
formation of the carbene which, in this case, reacts intramolecularly. 
The diazo-group is more stabilised in compound (308) than in (307) 
because of the trans phenyl group so that azine formation is again more 
favoured with respect to carbene formation. 
The failure of electrocyclisation here is again not surprising. 
If the intermediate (317) were to be formed by a 1, 7-electrocyclisation 
process, the phenyl group which has a much higher migration tendency 
than the methyl group would occupy the pseudo-equatorial ring position 
due to its greater size, and in this position would be disfavoured for 
sigmatropic migration. However, the difference in the nature of the 
products from (306) and (307) suggests that reversible cyclisations to 
(317), Scheme 18, are not taking place prior to the product forming 
steps. Were ring closure to (317) to take place, similar reaction 
products would be expected, as this would allow the interconversion 
of (307) and the more thermodynamically stable (306). 
Thus there appears to be steric inhibition of the first step of 
benzodiazepine formation, byeithercis-phenyl or cis-methyl groups 
which prevent approach of the diazo-group to the it-terminus. De-
composition of the diazoalkene (308) having only phenyl groups at the 
migration terminus again showed this steric inhibition and the intra-
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An interesting analogy to the 1, 7-electrocyclisation of unsaturated 
diazocompounds of type (3 -0.4) - to give benzodiazepines is provided by 
the work of Garanti and Zecchi. 
151 
 These authors have prepared 1, 2-
benzodiazepines (320) from the nitrile imines (318), Scheme 19. The 
benzodiazepine skeleton is formed from the nitrile imines through 
intramolecular nucleophilic attack of the olefinic double bond on the 
electron-deficient carbon atom of the nitrile imide group. This closure, 
which can be seen as a 1, 7-electrocyclic reaction, affords the inter-
mediate (319) which rearomatises by [1, 5] sigmatropic migration where 
R H. Evidence for the intermediacy of (319) has been obtained from 
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140 
These authors report that where double substitution is present 
at the end of the r-system, the 1, 7-electrocyclisation is inhibited and 
formation of cyclopropa[c]cinnolines (322) takes place as an alternative 
reaction pathway. 151, 153 The proposed explanation is that the 
tricyclic compounds (322) arise directly from (318) through a carbene-
like, concerted, cheletropic reaction of the nitrile imide group. They 
suggest that this reaction path is favoured because of the reluctance of 
groups other than hydrogen to migrate in the (319) to (320) conversion. 
The possibility of steric effects causing inhibition of the ring closure step 
is not suggested. In view of this work and our own similar observations 
on the effect of double substitution at the alkene terminus, it was 
decided to seek conclusive proof that the inhibition of 1, 7-electro-
cyclisation in the diazoalkene systems (304) could be caused by steric 
hindrance alone. To this effect, the reactions of the E and Z isomers 
of monosubstituted diazocompounds (303a) and (303b) were examined. 
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Since any diazepine formation from both must go through a common 
intermediate, any failure of the Z-isomer (303b) to produce diazepine 
could be due only to steric inhibition of the ring-closure step. Examples 
where R=Ph and RMe were studied and the results are shown in 
Scheme 20. 
It was found that the E isomers (323) and (325) cyclised to give 
ben.zodiazepines (327) and (331) in 85% and 75% yield respectively. 
However, the Z-isomers (324) and (326), when reacted under identical 
conditions, failed to produce any detectable amounts of benzodiazepine. 
The generality of the result was shown by changing the substitution at 
the diazo function, Scheme 21.. The E-isomer (334) and the Z-isomer 
(335) reacted to give the benzodiazepine (336) and the carbene-derived 
2, 3- dimethylindene (337) respectively. 
Thus, it is clear that the bulk of the cis substituent so sterically 
hinders the transition state for cyclisation that the diazoalkenes are 
forced into other reaction paths. 
It is interesting that the balance - between the cyclisation and 
carbenic reaction alternatives in the decomposition of these diazo-
compounds is much finer than for 3-diazoa].kenes such as (338). The 
6ir-electron 1, 5-electrocyclisation of the latter to give 3H-pyrazoles 
(339) is not generally inhibited by cis methyl or phenyl substituents. 154 
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The alternative reaction paths taken by the non-cyclisable diazo-
compounds (303) and (304) like the di-substituted analogues discussed 
earlier fall into two categories: 
(1) 	where R 1 =CH3  typical intermolecular diazo-compound reactions 
are exhibited, giving carbene insertion into solvent, carbene 'dimers' 
and azines in varying proportions, 
(ii) where R 1 Ph (340), the 9H- c yclohepta[a] naphthalenes (343) are 
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It is proposed that initial carbene addition to the phenyl double bond 
gives the cyclopropane derivative (341). This can ring expand to give 
the seven-membered ring intermediate (342) which gives the more 
stable naphthalene-type system (343) via  [1, 5] hydrogen migration. 
The mass spectra of the products (343) indicated the same mass 
as the carbene precursor (340) and the ' H n. m. r. spectra provided 
good evidence for the novel 9i- cyc 1ohepta[a]naphthalene structure. 
The 'H n. m. r. spectrum of the parent system (329) is shown, Figure 
23. The methylene group of the seven-membered carbocyclic ring 
appeared as a triplet (A; J = 7Hz), unaltered by heating to 80 0C or 
cooling to -20°C. This is consistent with the splitting of the methylene 
of a rapidly-inverting ring by the adjacent olefinic protons H 8 and H10 
which are almost equivalent. These are in turn split into triplets 
by the methylene group and again into doublets by the adjacent olefinic 
protons H7 (C) and H 11 (B) respectively, to give signals which appear 
as overlapping doublets of triplets. The collapse of these on irradiation 
can be seen in Figure 23, and again more clearly for the 6-phenyl 
derivative (315) in Figures 24 and 25. 
Irradiation of the methylene triplet (A) caused collapse of the 
H8 and H10 signals to doublets. Irradiation of one of the olefinic 
protons H 11 showed which signal corresponded to H 10 . 
These products then, are formed by a new variant of intra-
molecular carbene attack on an aromatic ring. 
To summarise the work of Sections (3) and (4), the observation 
of [1, 5] sigmatropic migration of groups other than hydrogen in the 
148 
formation of thieno- and benzo[1, 2]diazepines seems improbable in 
such systems. 
Where there is both a proton and a migratable group at the 
terminus of the precursory diazoalkene system, although ring closure 
can take place with a Z-hydrogen, conformational effects ensure that 
only the hydrogen can form a concerted transition state for migration. 
Where the reaction terminus is disubstituted, or monosubstituted 
with an E-hydrogen, steric effects inhibit the initial ring closure step. 
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ACYLATION OF BENZO- AND THIENO[ 1 , 21DIAZEpINES 
The reactivity of benzo- and thieno[1, 2]diazepines towards 
electrophilic substitution reactions, such as acylation, is not an area 
which has been widely investigated. The acylation of the rnonocyclic 
4H-1, 2-diazepines (160) was recently reported, 128 and these bear a 
close similarity to the 5}i-2, 3-benzodiazepines (107) which were chosen 
for use in a preliminary study. 
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By analogy with the reactions of compounds (160), these would be 
expected to form acylated benzodiazepines (345). Compounds of type 
(345) would be of interest as they have not previously been prepared, 
and since they are potentially antiaromatic 87r systems, they might be 
expected to be unstable. Compounds of this type have been suggested 
I3F 
as intermediates in the cylisation of the hydrazone anions (174) and in 
133 
other routes to isoquinoline N-imines, Scheme 26. 
aC=N-N-R 
	{oc R j 
(1 74) 	 (173) 
(172) 
Scheme 26 
The literature contains only one example involving the acylation 
of a 5H-2, 3-benzodiazepine. The compound (164) was acylated using 
excess acetic anhydride or -nitrobenzoyl chloride in pyridine at room 
temperature, quenching the reaction mixture with water when all the 
starting material had been consumed. This gave the N-acylated 
151 
methylene derivative (165) in both cases. 
(346) 
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In this case, proton elimination occurs from the substituent 4-methyl 
group of the diazepinium. 	intermediate (346) rather than the ring 
5-H, as observed with (344) where the only sub-
strate used had R 1 Ph. To avoid this reaction path in our study, 5H-
4-phenyl-2, 3-benzodiazepine (]07a) was chosen as a substrate, using 
the same reaction conditions as had been reported for the acylation 
of (164). The initial reaction carried out involved the use of excess 
acetic anhydride in pyridine at room temperature, and the reaction 
mixture was quenched with water when all of the starting material had 
152 
been consumed. Here however, the product isolated by chromatography 
was 1 -phenyl- 1 -(2-formyl)benzylketone acetyihydrazone (347). 
This unexpected product seemed to have been formed by a ring-
opening reaction involving water as a nucleophile . To test this, the 
reaction mixture was quenched using alcohols or thiols instead of 
water. It was found that when the acylation was carried out in dry 
benzene and quenched in this manner, a clean reaction resulted to 
give the benzodiazepine derivatives (348) in high yield, acylated at 
the 2-position and with incorporation of the external nucleophile at the 
1-position. The scope could be extended by using different anhydrides 
such as propionic anhydride. Also, similarly derivatised thieno-
diazepines could be obtained in this manner, Scheme 26. 
Thus, it seems clear that the initial acylation produces an 
unstable intermediate, probably (349), which can either be hydrolysed 
to give (347) or reacts with alcohols and thiols by nucleophiic 
displacement to give (348). 
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Apart from the 1-phenyl derivative which was a crystalline solid, 
all the compounds of this series were clear high-boiling oils whose 
structure was deduced from spectral evidence. The mass spectra of 
all compounds exhibited the correct parent ion, with loss of the 1-
substituents being the primary fragmentation pathway followed by loss 
of the acyl group. 
The 
I 
 H n. m. r. spectra all exhibited an AB-system for the C-5 
methylene absorption, this being temperature invariant as expected, as 
it has been reported that a benzodiazepine ring substituted at both C-i 
and C-4 is locked in a single conformation. The ' H n. rn. r. spectrum 
of one of the acylated thienodiazepines is shown, Fig; 27. 
It was expected that similar products would be formed on changing 
the acylating agent from acid anhydrides to acid chlorides. However, 
the reaction of (107a) with acid chlorides in dry benzene resulted in the 
rapid formation of only the 3-phenylisoquinoline N- imine hydrochloride 
salts (350) which were precipitated out of the benzene solution in high 
yield. The free bases (351) were obtained from these hydrochloride 
salts on treatment with sodium hydroxide solution. They are stable, 
crystalline compounds and as 1, 3-dipoles underwent cycloadditions with 
dipolarophiles, for example N-phenylmaleimide to give the cycloadduct 
(352), Scheme 28. 
For RPh, the structure of the acylated product was confirmed 
by synthesising 3-phenylisoquinoline (353) which was aminated us ing 
mesitylene sulphonyl hydroxylamine (MSH) to give the mesitylene 
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gave a compound identical to (351b). 
Thus, two very different products could be obtained from (107a) 
depending on the acylating agent used. However, for both acid 
anhydrides and acid chlorides, we found that some control over the 
final product obtained could be effected by changing the reaction con-
ditions as shown in Scheme 29. Thus, acylation of (107a) with acetic 
anhydride followed by quenching with a solution of dry hydrogen 
chloride in benzene, Scheme 29, gave the isoquinoline N-imine hydro-
chloride (30a). 
The importance of HC1 in the formation of these rearranged 
products in acid chloride acylation was further indicated by carrying 
out these reactions in the presence of base. In the acylation..with 
benzoyl chloride in dry benzene to give the isoquinolinium salt (350b), 
the yield was unaltered whether the, reaction mixture was quenched 
with ethanol or not. However, changing the reaction solvent to dry 
pyridine and quenching with ethanol gave a much reduced yield of 
(350b) in favour of the benzodiazepine (348g). Such a procedure is 
useful in the synthesis of benzoylated benzodiazepine derivatives such 
as (348g), as these cannot be obtained by the reaction of the benzo-
diazepine substrate with benzoic anhydride, due to the lower reactivity 
of the anhydride. Whereas reaction with acetic anhydride and 
propionic anhydride occurs almost instantaneously at room temperature, 
no reaction with benzoic anhydride was observed even on prolonged 
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The following mechanism is proposed to account for the 
observations. Considering firstly the acid anhydride reactions: the 
2-nitrogen is apparently the more nucleophilic although both are 
similarly substituted on the imine carbon, probably because the 
reactivity of the 3-nitrogen is reduced by the steric effect of the cis 
phenyl group, and it readily attacks the acid anhydride to give the 
intermediate (355). In dry benzene this species is most likely to exist 
predominantly as a covalent species or as a tight ion-pair. Addition 
of the hydroxylic nucleophiles ROH displaces the acetoxy group to 
give the 1-functionalised derivatives (348), Scheme 30. These are 
stable when R is alkyl or aryl, but when RH, i. e. (356), they ring 
open to give the aldehyde (347), as in the analogous formation of trans-
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When acid chlorides are used as the acylating agents, the 2-acyl-
diazepinium intermediate with chloride counter-ion is produced, this 
can also be formed by the addition of HC1-saturated benzene to the 
acid anhydride intermediate. Due to the higher electronegativity 
of chlorine, this is much more likely to exist in the iminium salt form 
(357à) than as the covalent species (357b). The acidity of the hydrogens 
in the C-5 methylene group will be much enhanced by the positive 
charge on the ring and apparently HC1 is eliminated to give the dipolar 
intermediate (358) which ring contracts to give the diaziridine (359). 
This ring opens to give the final product by an acid-catalysed reaction 
which parallels the known acid-catalysed ring opening of (361) in the 
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From the observation that the rearrangement is strongly 
inhibited by the presence of pyridine it can be concluded that the 
second and third steps are reversible. Thus, if any HC1 eliminated 
in the step (357) -> (358) is scavenged by pyridine then the rate of the 
acid catalysed final step is much reduced and the lifetime of (357) and 
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alcohols to give the products. The observation that deuterium is 
incorporated in the addition of deuteromethanol (MeOD) in this case 
but not in acid anhydride acylation supports the mechanism proposed. 
When the substrate benzodiazepine (107a) was acylated using acetic 
anhydride in pyridine and quenched with excess deuteromethanol, no 
deuterium incorporation was observed in the product. However, 
acylation with benzoyl chloride in pyridine followed by quenching with 
excess deuteromethanol gave a product (362) which had incorporated 
two deuteriums, Scheme 32. 
Scheme 32 
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The observation that two deuterium atoms are incorporated 
is rather surprising. The dipolar intermediate (363) formed on 
acylation with benzoyl chloride will have an extended lifetime in 




















this process is apparently rapid enough to allow both C-5 protons 
to be replaced by the more abundant deuterium before the final step 
which forms (362) takes place, Scheme 33. 
To summarise, acylation can be used in the 5H-4-phenyl-2, 3-
benzodiazepine system as a method of 1-functionalisation by the attack 
of nucleophiles on the 2-acyldiazepinium intermediate (354) formed 
by acid anhydride acylation. 
Alternatively, it can be used as a high yield method of synthesis 
of the 3-phenylisoquinoline N-imine system by ring collapse of the 
2-acyldiazepinium intermediate (355) formed by acid chloride 
acylation. The full scope of such reactions remains to be examined. 
Experimental 
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INSTRUMENTATION AND TECHNIQUES 
Nuclear Magnetic Resonance Spectr osc opy 
Proton 1 H n. in. r. spectra of routine samples were obtained 
on a Varian EM360 (60MHz) spectrometer. Spectra of new compounds 
were obtained on a Varian HA100 (100MHz) spectrometer operated by 
Mr. J.' R. A. Millar. Chemical shifts are recorded as delta (8) values 
in parts per million, downfield from tetramethylsilane (8 = 0. 0) as 
internal standard. In variable temperature experiments, the probe 
temperature was determined from the chemical shift difference between 
the methylene and hydroxy protons of ethylene glycol. 
13 C N. in. r. spectra were obtained on a Varian CFTZO spectro-
meter operated by Mr. J. R. A. Millar. Chemical shifts are recorded 
in parts per million, using tetramethylsila.ne (6 = 0. 0) as internal 
standard. 
Mass Spectrometry 
Mass spectra were obtained using an Associated Electrical 
Industries MS902 spectrometer, operated by Mr. D. Thomas. 
Infrared Spectroscopy 
Liquid samples were examined as thin films and solid samples 
as Nujol mulls on a Perkin-Elmer 157G grating spectrometer. 
Elemental Analysis 
Microanalyses were carried out on a Perkin-Elmer model 240 
analyser operated by Mr. J. Grunbaum. 
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Melting Points 
The melting points of all compounds were obtained using a 
Kofie.r hot-stage apparatus. 
Gas Liquid Chromatography 
A Pye Series 104 Chromatograph using a flame ionisation 
detector and nitrogen carrier gas gave analytical chromatograms. 
The column used had internal diameter of 4 mm and length 5 1 . This 
had a silicone oil stationary phase (OV 1) supported on 80-100 mesh 
celite. 
Medium Pressure Liquid Chromatography 
Preparative separations were carried out using Merck silica 
gel 60 (40-60 urn), tap-fill packed in glass columns, (250 x 15 mm, 
1000 x 15 mm, 1000 x 25 mm (Quickfit Ltd. )) fitted with solvent resistant 
connectors and tubing (Jobling Corning) and safety valve (50 p.  s. i.: 
Nupro Guage Co. Ltd.). The samples were preadsorbed onto silica 
and packed into small 250 x 15 mm 'pre-columns. The eluting solvent 
systems were based on petroleum ether 40/60 with varying amounts of 
ether. This was delivered at a flow rate of 5-20 ml min- 1 from a 
diaphragm pump, (Metering Pumps Ltd.) depending on column size. 
The eluant was monitored at 280 nm by U. V. meter (Laboratory 
Data Control), and collected in an automatic fraction collector (Central 
Ignition Company Ltd.). The fractions were also examined by thin 
layer chromatography. 
Thin Layer Chromatography 
This was carried out on 0. 33 mm layers of Merck silica gel 60 
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containing Woelm fluorescent green indicator (0. 5%). Components 
in the developed chromatogram were detected by their quenching of 
fluorescence under u. v. light, and their staining by iodine. 
Column Chromatography 
This was carried out on alumina (Laporte Industries, Grade H, 
100/200 mesh) prepared to 10% deactivation. 
Drying 
Anhydrous magnesium sulphate was used to dry all organic 
solutions. 
Purification of Solvents 
"Super-dry" ethanol was prepared as described by Vogel ZOO 
(method 1). 
1, 2 -dimethoxyethane, c yclohexane, benzene, dimethylforrnamide and 
tetrahydrofuran were freshly distilled from calcium hydride as required. 
Diethyl ether was distilled from lithium - aluminium hydride. 
Carbon tetrachloride was distilled from phosphorous pentoxide. 
Cyclohexene was distilled and stored over sodium wire. 
Pyridine was dried as described by Vogel and stored over potassium 
hydroxide pellets. 
Petrol refers to the fraction b. p.  40-60°C. 
Symbols and Abbreviations 
The abbreviations used in this thesis are those in common 
usage. 
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1. 	PREPARATION OF STARTING MATERIALS 
A 	SYNTHESIS OF FORMYL-( E-2-PHENYLETHENYL)- 
THIOPHENES 
Benz yltriphenylphosphoniüm bromide 
A mixture of freshly distilled benzyl bromide (23 g, 0. 275 mole) 
and triphenylph.osph.ine (79 g, 0. 3 mole) in dry benzene (200 ml) was 
refluxed with stirring under dry nitrogen for 2 hours. After cooling, 
the white precipitate was filtered off and washed with ether (3 x 50 ml) 
to give benzyltriphenylphosphonium bromide as colourless crystals 
156 	o (110 g, 9 5 %) m. p.- 289-291 °C (lit., 289-291 C). 
2-Bromo-3-methylthiophene 
This was prepared by the method of Blanchette and Brown 157 
from 3-methylthiophene (25 g, 0. 25 mole) and N-bromosuccinimide 
(43.2 g, 0. 25 mole) in dry carbon tetrachloride (68 ml). The crude 
reaction product was fractionated to yield 2 -bromo- 3-methylthiophene 
157 
(25. 3 g, 56%) b. p.  60-66°C at 14 mm Hg (lit., 61-63 °C at 13 mm Hg). 
' H N. in. r. (CDC1 3 ): 5 2. 20 (s, CH3 ), 6. 79 (d, J6Hz, 4-H), 7. 15 (d, 
J6Hz, 5-H). 
2- Bromo-3 -bromomethylthiophene 
To a refluxing solution of 2-bromo-3-methylthiophene (25 g,. 
0. 14 mole) and benzoylperoxide (0. 5 g) in dry carbon tetrachloride, a 
mixture of N-bromosuccinimide (25 g, 0. 14 mole) and benzoylperoxide 
(0. 5 g) was added portionwise. The solution was refluxed for 3 hours, 
cooled, and the succini.mide removed by filtration. The solvent was 
170 
evaporated under reduced pressure, and the residue fractionated to 
yield 2-bromo-3-bromomethylthiophene (26 g, 76%) b.p. 66-68 °C at 
0.7 mm Hg (lit 8 88-90
0
C at 4 mm Hg). ' H N. m. r. (CDC13 ): 5 4.47 
(s, CH 
2
), 7. 00 (d, J6Hz, 4-H), 7. 25 (d, J6Hz, 5-H). 
2- Br omo -3 -thienyltr iphenylpho sphonium bromide 
A mixture of 2-bromo-3-bromomethylthiophene (25. 9 g, 0. 1 mole) 
and triphenylphosphine (26. 4 g, 0. 1 mole) in dry benzene (70 ml) was 
refluxed with stirring under dry nitrogen for 2 hours. After cooling, 
the white phosphonium salt was filtered off, washed once with benzene 
(70 ml) and once with ether (70 ml). A second small crop was obtained 
by concentrating the mother liquors to 1/4 volume, refluxing for 2 hours, 
then cooling. This gave: 
2-bromo-3 -thienyltriphenylphosphonium bromide (50. 6 g, 97%) 
159 
m. p.  237-238. 5 C [lit., 240 C (from ethanol)]. 
2,3,4, 5-Tetrabromothiophene 
160 
This was prepared by the method of Gronowitz which involved 
the addition of 4 molar equivalents of bromine to thiophene. The crude 
solid isolated was recrystallised from ethanol to give Z,3,4,5-tetra- 
160 
bromothiophene (62%) m. p. 115-116 0C (lit., 115-116 C). 
3, 4-Dibromothiophene 
This was prepared by the method of Gronowitz 
161 
 involving the 
dehalogenation of 2,3,4, 5-tetrabromothiophene by zinc dust in glacial 
acetic acid and water. The crude product was steam distilled from 
the reaction mixture, followed by distillation to give: 
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3, 4-dibromothioph.ene as a colourless oil (58%) b. p. 91 0C at 12 mmHg
61 
(lit., 940C at 12 rnm Hg) ' H n. m. r. (CDC 13 ): 6 7. 36 (s). 
4-Br omo-3 -formylthiophene 
This was prepared by an adaptation of the method of Gronowitz. 162 
3, 4-Dibromothiophene (20 g, 0. 08 mole) in dry ether (21 ml) was 
cooled to -70 °C, and a solution of n-butyllithiurn (1. 6 M in hexane, 
56. 7 ml, 0. 089 mole) was added with stirring. After 5 minutes, dry 
dimethylformamide (10. 16 g, 0. 14 mole) was added, the reaction mixture 
was allowed to warm to room temperature, and was stirred overnight. 
A saturated aqueous solution of ammonium chloride (75 ml) was added, 
and the mixture extracted with benzene (4 x 60 ml). The extract was 
washed with water, dried, and evaporated under reduced pressure to 
give a red oil which was chromatographed (silica, 15 vol % ether in 
petrol) to give 4-bromo-3-formy1thiophene (6.14 g, 39%).. A small 
scale distillation was accompanied by extensive polymerisation b. p. 
162 
59-60 C at 0.3 mm Hg. (lit. , 108-111 C at 11 mm Hg) 
'H N. m. r. (CDC 1 3 ): 6 7. 32 (d, J3Hz, 5-H), 8. 10 (a, J3Hz, 2-H), 
9.96 (s, CHO). 
3- Formyl- 2-(E- 2-phenylethenyl)thiophene 
a) 3- Methyl-2-(E-2-phenylethenyl)thiophene 
A solution of sodium ethoxide [(0. 12 mole) from sodium (2. 76 
g)} in superdry ethanol (45 ml), was added over 30 minutes to a stirred 
mixture of benzyltriphenylphosphonium bromide (44.9 g, 0. 11 mole), 
and freshly-distilled 2-formyl-3-methylthiophene (15. 0 g, 0. 11 mole) 
in superdry ethanol (50 ml) maintained at 30 °C. The reaction mixture 
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was then held at 50 °C for l hours. The usual work-up was followed 
by chromatography (alumina, 10 vol % ether in petrol) to remove tn-
phenylphosphine oxide. This gave a brown oil (23. 3 g) containing the 
E and Z isomers (g. 1. c., 2. 5% OW, 182 °C). A solution of this oil 
(23. 0 g) and iodine (0. 05 g) in heptane (110 ml) was refluxed for 80 
minutes by which time the Z-isomer was <2%. After removal of 
solvent in vacuo, the residue was dissolved in chloroform (100 ml), and 
washed with aqueous sodium thio sulphate (1% w/ v, 100 ml), then water. 
It was then dried and evaporated under reduced pressure to give a 
brown oil (21 g). Chromatography (alumina, 10 vol % ether in petrol) 
gave 3-methyl-2-(E-2-phenylethenyl)thiophene (10.39 g, 43%), m. p. 
52-53 °C (from ethanol) 
(Found: 	C, 78. 2; 	H, 6. 2. 	C 13 H13 S requires C, 77. 95; 	H, 6.0%); 
n. m. r. (CDC1 3 ): 6 2.29 (s, CH3 ), 6. 6-7.4 (m, 9H). 
b) The hexamethylenetetramine salt of 3-bromomethyl-2-(E-2-
phenylethenyl )thiophene 
3- Methyl-2-(E-2-phenylethenyl)thiophene (12. 25_g, 0. 06 mole) 
and benzoylperoxide (0. 25 g) were dissolved in dry carbon tetrachloride 
(120 ml) and heated to reflux, when a mixture of N-bromosuccinimide 
(11. 10 g, 0. 06 mole) and benzoylper oxide (0. 25 g) were added in one 
batch. The mixture was refluxed for 4 hours, cooled and filtered to 
remove succinimide. Evaporation of the solvent under reduced pressure 
gave a dark green oil (17. 0 g, 98%), which was shown by n. m. r. to 
contain 3-br oniomethyl- 2-(E- 2-phenylethenyl)thiophene 8 4.58 (CH 
2 ) 
and several contaminants (5-10%) which were probably materials 
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brominated in the thiophene ring. The crude product and hexamine 
(8. 6 g, 0. 06 mole) in chloroform (70 ml) were refluxed for 2 hours, 
the volume of solvent reduced by one half by evaporation under reduced 
pressure, and ether (30 ml) added. After standing at room temperature, 
the hexamethylenetetramine salt was filtered off, washed with ether and 
dried under vacuum (20.3 g, 79%) rn. p.  170-171 °C; this product was 
contaminated with ca 5% of. the salt of 5-bromo-3-bromomethyl-2-(E-
2-phenylethenyl)thiophene which could not be removed by recrystallisation. 
3 -Formyl-2-(E-2-phenylethenyl)thiophene 
The crude salt from the previous experiment (19. 8 g, 0. 05 mole) 
and aqueous acetic acid (50 vol %, 44 ml) were refluxed with stirring for 
2 hours; a solution of hydrochloric acid (11. 5 ml) in water (17.5 ml) 
was added and the mixture was boiled for a further 5 minutes. After 
cooling, the mixture was extracted with ether (3 x 60 ml) and the extract 
washed with aqueous potassium carbonate (5% w/v) and dried. 
Evaporation of the solvent under reduced pressure gave a red oil (9. 8 g) 
which was medium-pressure c hr omato graphed (silica, 20 vol % ether 
in petrol) to give: 
(1) 5-bromo-3-formyl-2-(E-2-phenylethenyl)thiophene (0. 22 g, 2%) 
m. p. 61-62 °C (from 2-propanol) 
(Found: C, 53. 5; H, 3.1. C 13 H9Br OS requires C, 53.3; H, 3.1%) 
'H n. in. r. (CDC13 ): 6 6. 97 (d, J15Hz, styryl H), 7.18-7. 55 (6H, in, 
aromatic), 7.80 (d, J15Hz, styryl H), 9. 96 (s, CHO) i. r. (Nujol) 
1667 cm (C=O). 
(ii) 3-for myl -2- ( E- 2 -phen ylethenyl )thiophene (4.9 g, 49%) m. p. 29-320C 
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(from methanol). 
(Found: C, 72. 75; H, 4. 7. C 13 H100S requires C, 72. 9; H, 4. 7%) 
n. m. r. (CDC 1 3 ): 6 7. 0-7. 55 (8H, m), 7. 90 (d, 316Hz, styryl H), 
10. 10 (s, CHO)i.r. (Nujol) 1670 cm - ' (C=O). 
9) 	2-For myl- 3 -(E- 2-phenylethenyl)thiophene 
2- Br omo-3 -(E- 2-phenylethenyl)thiophene. A solution of sodium 
ethoxide {(o. 1 mole) from sodium (2. 28 g)] in superdr.y ethanol (60 ml) 
was added with stirring over one hour to a mixture of 2-brorno-3- 
1 5 
thienylmethyltriphenyiphosphoniurn bromide (50 g, 0. 097 mole) and 
freshly-distilled benzaldehyde (10.3 g, 0. 097 mole) in superdry ethanol 
(100 ml) at room temperature. After 1 hour at room temperature and 
1 hour at 3 5 °C, the usual work-up was followed by chromatography 
(alurnina:petrol) to give a clear oil (21 g) from which the E isomer (ca 
3 g) crystallised out. The residual oil was isomerised with iodine in 
boiling heptane (100 ml); g. 1. c. (2% OW, 190 0C) showed that the E and 
Z isomers reached equilibrium after ca 4 hours (E/Z = 2. 5). Work-up 
and chromatography (alumina:petrol) and a repeated isomerisation of 
the separated  isomer gave: 
2-bromo-3-(-2-phenylethenyl)thiophene (total yield 14.9 g, 58%) 
m. p.  78-800 (from ethanol) 
(Found:' C, 54.6; H, 3.4. 	C 12 H9BrS requires C, 54.35; H, 3.4%) 
' H n. rn. r. (CDC13 ): 6 6. 8-8. 5 (m). 
2 -Formyl-3 -(E- 2 -phenylethenyl)thiophene 
A Grignard reagent was prepared by stirring a mixture of 
bromo-3-(E-2-phenylethenyl)thiophene (7. 0 g, 0. 026 mole) and magnesium 
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(0. 72 g, 0. 03 mole) in tetrahydrofuran (20 ml) for 5 hours at room 
temperature, followed by 1 hour at reflux. Dimethylforrnamide (2. 0 
g, 0. 027 mole) was added at room temperature, and the mixture was 
stirred for 12 hours. Work-up by hydrolysis with saturated aqueous 
ammonium chloride (20 ml) and extraction with ether, gave after 
evaporation under reduced pressure a red oil (6. 1 g) which was chroma-
tographed (silica, 20 vol % ether in petrol) to give: 
2-(E-2-phenylethenyl)thiophene (0.89 g; 1 8%) m. p. 126-127 0 C 
(from ethanol) 
(Found: C, 77.2; H, 5.4. C 12H 10S requires C, 77.35; H, 5.4%) 
1 H n. m. r. (CDC1 3): 6 6.88 (d, 3161-1z, 1H), 7. 0-7. 5 (m, 9H). 
2-formyl-3-(E-2-phenylethenyl)thiophene (3. 10 g, 55%) m. p. 
72-73°C (from ethanol) 
(Found: C, 72.7; H, 4.7. C 13H10 CIS requires C, 72.9; H, 4. 7%) 
' H n. m. r. (CDC1 3): .7. 07 (d, J16Hz, 1H), 7:2-7. 6 (rn, 7H), 7.62 
(d, 316Hz, 1H), 10. 13 (s, CHO) i. r. (Nujol) 1652 cm- 
I 
 (C =0). 
10) 3- Formyl-4 - (E- 2-phenylethenyl)thiophene 
- a) 	3- Bromo -4 -(E - 2-phenylethenyl)thiophene 
A solution of sodium ethoxide [(0. 037 mole) from sodium 
(0. 8625 g)] in superdry ethanol (45 ml) was added with stirring over 
1 hour to a solution of 4-bromo-3-formylthiophene (7.0 g, 0.036 mole) 
and benzyltriphenylphosphonium bromide (15. 9 g, 0. 036 mole) in super-
dry ethanol (30 ml) at room temperature. The mixture was then heated 
at 60°C for 30 minutes and stirred at room temperature overnight. 
The usual work-up was followed by chromatography (alumina, 3 vol % ether 
in petrol) to give a yellow oil (10. 2 g) containing the E and Z isomers 
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(g. 1. c. , 2. 5% OVI, 190 °C). A solution of this oil and iodine (ca 0. 1 
g) in heptane (50 ml) was refluxed for 10* hours, checking by g. 1. c. 
After removal of solvent in vacuo, the residue was dissolved in chloro-
form (100 ml) and washed with aqueous sodium thiosuiphate (5% w/v, 
100 ml), then water. It was then dried and the solvent evaporated under 
reduced pressure to give a yellow oil (9. 6 g) which solidified. Re-
crystallisation gave white crystals of: 
3-bromo-4-(E-2-phenylethenyl)thiophene (6. 5 g, 6 7%) in. p. 50-52 °C 
(from ethanol) (Found: C, 54. 6; H, 3. 4. C 12H9BrS requires C, 54.35; 
H, 3. 4%) ' H n. in. r. (CDC13 ): 5 7. 05 (d, J2Hz), 7.16-7.53 (in). 
b) 	3 -Formyl-4-(E- 2-phenylethenyl)thiophene 
3-Bron-io-4-(E-2-phenylethenyl)thiophene (6. 5 g, 0. 024 mole) 
in dry ether (20 ml) was cooled to -70 °C, and a solution of n-butyllithium 
(1. 6M in hexane, 17. 6 ml, 0. 028 mole) was added with stirring over 5 
minute S. 
After a further 5 minutes, dry dimethylformamide (2. 96 g, 0. 04 
mole) was added, th e reaction mixture was allowed to warm to room 
temperature, and was stirred overnight. A saturated aqueous solution 
of ammonium chloride (90 ml) was added and the mixture extracted with 
benzene (2 x 60 ml). The extract was washed with water, dried, and 
evaporated under reduced pressure to give a brown oil which was 
chromatographed (silica, 15 vol % ether in petrol) to give: 
3-(E-2-phenyethenyl)thiophene (0. 34 g) in. p. 126-127 0C 
3-formyl-4- (E-2-phenylethenyl)thiophene (2.80 g, 53%) 
in. p. 107-108°C (from ethanol) (Found: C, 72. 7; H, 4. 7. C 13 H100S 
' requires C, 72. 9; H, 4. 7%) 	H n. m. r. (CDC1 3 ): 6 6. 98 (d, J16Hz, 
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styryl H) 7. 2-7. 6 (6H, m), 7. 72 (d, J16Hz, styryl H) 8. 03 (d, J3Hz, 
2-H),9. 98 (s, CHO) i.r. (Nujol) 1680cm ' (C0). 
B (a) SYNTHESIS OF 3-PHENYL-2-TIIENYL KETONES 
2,3,5-Tribromothiophene 
163 
This was prepared by the method of Troyanowski by direct 
bromination of thiophene. The crude product was distilled giving 2, 3, 5- 
163 




This was prepared by the method of Gron.owitz by zinc dust 
reduction of 2, 3, 5-tribromothiophene in glacial acetic acid and water. 
The crude product was steam distilled from the reaction mixture, then 
distilled to give 3-bromothiophene (93%) b. p.  520C at 20 mmHg (lit. 161 
159-161 °C at 700 mmHg). 
3- Phenylthiophene 
This was prepared by an adaptation of the method of Gronowitz 6 
a) 	3 -(1 -Cyclohexenyl)thiophene 
3-Bromothiophene (70. 3 g, 0. 43 mole) in anhydrous ether (200 
ml) was added dropwise under dry nitrogen to a stirred solution of n-
butyllithium (1. 6M in hexane, 360 ml, 0.48 mole), cooled to -70 °C. 
After stirring for 5 minutes, freshly -distilled cyclohexanone (42 g, 
0. 43 mole) in dry ether (50 ml) was added dropwise with vigorous 
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stirring. The mixture was then allowed to stand overnight at room 
temperature. Hydrolysis was carried out using a solution of 6N 
hydrochloric acid (200 ml) which was added dropwise with stirring at 
-10 °C. The ether layer was separated, washed with water and dried. 
The solvent was evaporated under reduced pressure to give a brown oil 




at 2 mmHg. (lit. , b. p.  120 C at 9 mmHg). This oil was chromato- 
graphed on alumina. Elution with petrol yielded: 
3-(1-cyclohexenyl)thiophene (30. 7 g, 44%). 'H N. m. r. (CDC13 ): 
6 1.51-2. 52 (m, 8H, aliphatic), 6. 01-6.21 (m, olefinic H), 6. 81-7.23 
(m, 3H, thiophene) i. r. (liquid) 1640 cm 	(C=C). 
Further elution with ether yielded: 
3-(1-cyclohexan-1-ol)thiophene (5. 5 g, 7%). 1 H N. m. r. (CDC13 ): 
6 1. 31-2. 30 (m, 11H, aliphatic + OH), 6. 93-7.30 (m, thiophene) 
i. r. (liquid) 3400 cm
-1
(0-H). 
b) 	3- Phenylthiophene 
A mixture of 3-(1-cyclohexenyl)thiophene (30 g, 0. 18 mole), 
chioranil (101 g, 0.41 mole) and chlorobenzene (585 ml) was refluxed 
for 2 hours. After standing overnight, the black precipitate was 
filtered off, most of the chlorobenzene removed in vacuo, and the 
residue dissolved in ether. This was washed several times with small 
portions of a 2N solution of sodium hydroxide, and the precipitate 
filtered off. The ether phase was washed with water, dried, the solvent 
evaporated under reduced pressure, and the residue chromatographed 
(alumina, petrol). The white solid obtained was recrystallised to give 
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white crystals of 3-phenylthiophene (17.7 g, 62%) m. p. 86-88 °C 
164 
(from ethanol) (lit. , 89. 5-90. 5 °C). 
2-Formyl-3-phenylthiophene 
This was prepared by the method of Gronowitz 
165
involving 
Vilsmeir -Haac k formylation of 3 .-phenylthiophene. Rec rystallisation 
of the crude product yielded yellow crystals of 2-formyl-3-phenylthio-




This was prepared by an adaptation of the method of Gronowitz
165
. 
Tin tetrachloride (8. 2 g, 0. 03 mole) was added dropwise under dry 
nitrogen to a stirred solution of 3-phenylthiophene (5 g, 0. 03 mole) and 
acetyl chloride (2. 5 g, 0. 03 mole) in dry benzene (50 ml) at 0 °C. The 
mixture was then stirred at room temperature for 1 hour before 
hydrolysis with a solution of iN hydrochloric acid (70 ml). The benzene 
layer was separated, washed with water (2 x 100 ml) and dried. 
Removal of solvent in vacuo gave a crude orange solid (6. 95 g) which 
was chromatograph.ed (silica 20 vol % ether in petrol) to give white 
crystals of: 
2-acetyl-3-phenyithiophene (3. 78 g, 59%) m. p.  62-62. 5 0C (from 
165 	o 
ethanol) (lit. , 62-62. 5 C). 
5-acetyl-3-phenylthiophene (1. 88 g, 29%) m. p.  56-570C (from 
ethanol) (lit. , 556-570C). 
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B (b) SYNTHESIS OF 2-PHENYL-3-TIIENYL KETONES 
2, 3-Dibromothiophene 
166 
This was prepared by the method of Gronowitz by bromination 
of 3-bromothiophene. The crude product was distilled to give 2,3- 
166 




This was prepared by adaptation of the method of Gronowitz. 
3 -Bromo-Z-(l -c yclohexenyl)thiophene 
The preparation of this involved the reaction of 3-bromo-2-
thienyllithium (prepared from 2, 3-dibromothiophene and n-butyllithium 
at -70 °C) with cyclohexanone in dry ether. Spontaneous dehydration 
of the alcohol formed during work-up gave, after distillation, 
3-bromo-2-(1-cyclohexenyl)thiophene (18.4 g, 61 %) b. p. 126-130 °C 
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at 1. 5 mmHg (lit., 149-150 C at 11 mmHg). 
3-Bromo-Z-phenylthiophene 
3-Bromo-2-(1-cyclohexenyl)thiophene (18 g, 0. 075 mole) in 
dry benzene (20 ml) was added dropwise with stirring to a refluxing 
mixture of chioranil (39. 4 g, 0. 16 mole) in dry benzene (160 ml). The 
reaction was monitored by g. 1. c. (2. 5% OV1, 155 °C), going to completion 
in 43 hours. After cooling, the precipitate was filtered off, washed 
with benzene, and the benzene solution washed with a ZN solution of 
sodium hydroxide (2 x 150 ml). The organic phase was then washed 
with a solution of iN hydrochloric acid (150 ml), water (2 x 100 ml) and 
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dried. The benzene was evaporated under reduced pressure to give 
a brown oil (18 g), which was chromatographed (silica, petrol) to give 
3-bromo-2-phenylthiophene as a clear oil (12. 5 g). This was distilled 
before use in the next stage to give a clear oil (9. 3 g, 54%) b. p.  96-
98 °C at 0. 8 mmHg (lit. 7 l54-l56 °C at 16 mmHg). 
3-.Formyl-2-phenylthiophene. 
This was prepared by the method of Gronowitz 
167 
 involving the 
addition of dime thylformamide to 2- phenyl- 3 -thienyllithium (prepared 
from 3-bromo-2-phenylthiophene and n-butyllithium at -70 °C). 
Chromatography (silica, 20 vol % ether in petrol) gave 3-formyl-2-
phenylthiophene (89%) as a clear oil. This could not be induced to 
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crystallise (lit., m. p. 58-59 C) but had the following spectral data: 
N. m. r. (CDC 1 3 ): 6 7. 18 (d, J5Hz, 4-H), 7. 39 (s, phenyl), 7. 48 
(d, J5Hz, 5-H), 9. 75 (s, CHO) i. r. (liquid) 1665 cm -  (C=O). 
3-Acetyl-2-phenylthiophene 
a) 	3-(1-Hydroxyethyl)-2-phenylthiophene 
A Grignard reagent was prepared from iodomethane (2. 3 g, 
0. 016 mole) and magnesium (0. 38 g, 0. 016 mole) in dry ether (10 ml). 
3-Formyl-2-phenylthiophene (2. 5 g, 0. 013 mole) in dry ether (7 ml) 
was then added dropwise with stirring under dry nitrogen. On cooling, 
the complex was decomposed with aqueous ammonium chloride (30 ml, 
25% w/v). The ether layer was separated, the aqueous phase extracted 
with ether (20 ml), and the combined ethereal phases washed with water 
(30 ml) and dried. The solvent was removed in vacuo to give a white 
solid. 	Recr ystallisation gave white crystals of 3 -(1 -hydr oxyethyl)-2 
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phenyithiophene (2.32 g, 86%) m. p.  58-60°C (from petrol) (lit. 67 
58-60°c). 
b) 	3-Acetyl -2 -phenylthiophene 
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This was prepared by the method of Gronowitz involving the 
oxidation of 3-(l .-hydroxyethyl)-2 -phenyithiophene by chromium trioxide 
in pyridine. Recrystallisation gave white crystals of 3-acetyl-2- 
phenylthiophene (67%) m. p.  56-57°C (from aqueous ethanol) (lit. ,167 
56-57°C) 
2 (c) SYNTHESIS OF 2-TIIENYL-3-THIENYL KETONES 
1) 	3,3'-Dibromo.-2,2 1 -bithienyl 
168 
This was prepared by adaptation of the method cf Gronowitz. 
169 
Anhydrous cupric chloride (50 g, 0. 37 mole) was added at -70 C to 
a stirred solution of 3-bromo-2-thienyllithium [prepared from 2,3- 
dibromothiophene (69 g, 0. 28 mole) and freshly-prepared n-butyl-
lithium1 70(1.  15M in ether, 280 ml, 0. 32 mole) at -70 °C]. After 
stirring at -70°C for 2 hours, the mixture was allowed to attain room 
temperature overnight. After cooling to 0 °C, the reaction mixture 
was hydrolysed with a solution of 4N hydrochloric acid (500 ml). Ether 
(100 ml) was added, the ether layer separated, and extracted with a 
solution of 4N hydrochloric acid (4 x 200 ml), washed with water (2 x 
200 ml) and dried. The solvent was evaporated under reduced pressure 
to give a black oil which was chrornatographed (silica, petrol) to give a 
white solid. Recrystallisation yielded white crystals of 3, 3 1 -dibromo- 
0 	 168 
2,2 1 -bithienyl (20.2 g, 45%) m.p. 102-104 C (from ethanol) (lit., 102- 
104°C). 
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3-Bromo-2, 2 ' -bithienyl 
This was prepared by the method of Gronowitz 171 involving an 
entrainment Grignard reaction on 3, 3'-dibromo-2, 2 1 -bithienyl followed 
by hydrolysis. Distillation of the residue alter work-up yielded 3-
bromo-2, 2 1 -bithienyl (63%) b. p.  92-96 °C at 0. 3 mmHg (lit. 71  154-
161 °C at 10 mmHg). 
3-Formyl-.2, 2'-bithienyl 
A solution of 3-bromo-2, 2'-bithienyl (9. 0 g, 0. 037 mole) in 
anhydrous ether (100 ml) was cooled to -60 °C, and freshly-prepared 
n-butyllithium (1. 5M in ether, 50 ml, 0. 075 mole) was added with stirring 
under dry nitrogen. After 5 minutes, dimethylformarnide (5 g, 0. 065 
mole) in anhydrous ether (50 ml) was added, and the mixture allowed to 
stir at -60°C for a further 30 minutes before warming to room tempera-
ture overnight. The reaction mixture was poured into water (250 ml), 
the ether layer separated, and the water layer extracted with ether 
(100 ml). The combined ether phases were washed with a solution of 
lN hydrochloric acid (150 ml), a solution of sodium bicarbonate ( 2 0%w/v, 
2 x 100 ml), and water (150. ml), then dried. The solvent was removed 
in vacuo and the residue chromatographed (silica, 20 vol % ether in 
petrol) giving a yellow oil which was short-path distilled to yield 3-. 
formyl-2, 2'-bithienyl (2. 5 g, 35%) b. p. 120 °C at 0. 7 mmHg n 0 1.6850 
(Found: C, 55.5; H, 3.3. C 9H6 CIS 2 requires C, 55. 7; H, 3 . 1 %). 
1 H n. m. r. (CDC1 3 ): 6 6. 91-7. 48 (m, th.iophene), 10, 00 (s, Cl-Ia) 
i. r. (liquid) 1665 cm- 1 (C =0). 
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C 	SYNTHESIS OF 2 -ALKENYL-3 -FORM YLTHIOPHENES 
3-Formylthiophene 
This was prepared by the method of Gronowit7 58 involving the 
addition of dimethylformamide to 3-thienyllithium (prepared from 3-
brorriothiophene and n-butyllithium in dry ether at -70 °C). Distillation 
158 
gave 3 -f ormylthiophene (66%) b. p.  82 °C at 18 mmHg (lit. , 86-87 0C 
at 20 mmHg). 
3-Thiophenealdehyde ethylene acetal 
3-Forrnylthiophene (55 g, 0. 49 mole), freshly-distilled 
ethylene glycol (40 g, 0. 65 mole) and p -toluene sulphonic acid (0. 5 g) 
were refluxed in dry benzene 00 ml) using a Dean-Stark trap, monitoring 
by g. 1. c. (2.5% OVl, 90 
0
C). After 5 hours, the benzene solution was 
washed with aqueous sodium bicarbonate (20% w/v, 200 ml), water (200 
ml), dried and fractionated to give 3-thiophenealdehyde ethylene acetal. 
b. p. 92-94°C at 3 mmHg (lit)?2l03-104°C at 10 mmHg). 
2-For myl- 3 -thiophenealdehyde ethylene ac etal 
This was prepared using a method based on that of McDowell 
173 
and Patric X. To a stirred solution of 3-thiophenealdehyde ethylene 
acetal (60 g, 0. 38 mole) in dry ether (100 ml) was added a solution of 
n-butyllithiurn (1. 6M in hexane, 260 ml, 0. 39 mole) under dry nitrogen, 
so as to gently reflux. The reaction mixture was then refluxed with 
stirring for - hour, after which a solution of dry dime thy]Iormamide 
(60 g, 0. 8 mole) in dry ether (200 ml) was added dropwise over 3/4 hour, 
causing a thick precipitate. After standing for 16 hours, the entire mixture 
185 
was poured onto ice, the organic layer separated, the water layer 
saturated with sodium chloride and extracted with ether. The combined 
ether extracts were dried, the solvent removed in vacuo, and the 
residue distilled to give 2-formyl-3-thiophenealdehyde ethylene acetal 
0 	 173 
(41 g, 6 5%) b. p. 132-135 C at 1 mmHg (lit. , 140-143 C at 2 mmHg). 
Die thyle thoxyc arbon ylmethylpho sphon ate 
174 
This was prepared by the Michaelis-Arbusov reaction of 
triethyiphosphite and ethyibromoac etate. Distillation gave diethyl-
ethoxycarbonylmethylphosphonate (80%) b. p.  72-75°C at 0. 2 mmHg 
(lit. 1 , 75 o 142-145 C at 9 mmHg). 
a. - Methyldiethylethoxyc arbonylmethylpho sphonate 
174 
This was prepared by the Michaelis-Arbusov reaction of 
triethylphosphite and ethyl a-bromopropionate. Distillation gave a.-
methyldiethylethoxyc arb onylmethyipho sphonate (62%) b. p.  950C at 
1 mmHg (lit 6 93-95 °C at 0. 85 mmHg). 
Diethylphenac ylpho sphonate 
174 
This was prepared by the Michaelis-Arbusov reaction of 
triethylpho sphite and phenac ylbr omide. Dist-illation gave diethyl - 
phenacylphosphonate (94%) b. p.  135-1370C at 0. 6 mmHg (11t. 1,77 
181-182 °C at 2 mmHg). 
a. - Methyldiethylphenac ylpho sphonate 
This was prepared by an adaptation of the method of Wadsworth 
178 
and Emmons. 	Diethylphenacylphosphonate (49 g, 0. 192 mole) was 
added dropwise at room temperature to a stirred slurry of 50% sodium 
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hydride (9. 2 g, 0. 192 mole) in dry dimethoxyethane (50 ml). After 
addition, the solution was stirred for hour, when gas evolution had 
ceased. lodomethane (27. 3 g, 0. 192 mole) was added dropwise at 
room temperature, causing an exothermic reaction. The solution was 
then heated at 50 °C for 1 hour. Most of the solvent was then removed 
in vacuo, and methylene chloride (80 ml) added. This was washed 
with water (80 ml), dried, and the solvent removed in vacuo to give an 
orange oil which was distilled to give cL-methyldiethylphenacylphosphonate 
(41.2 g, 80%) b. p. 135-138 0C at 0.8 mmHg (lit. 78  156-158 at 1.5 mmHg). 
8) 	2 -(E- 2- Ethoxyc arbonylethenyl )-. 3 -formyithiophene 
(a) 	 Ethoxyc arb onylethen yl ) -3 -thi ophenealdehyde ethylene 
ac etal. 
Diethylethoxycar bon ylmethyiphosphonate (4-9 g, 0. 025 mole) 
was added dropwise at room temperature over 5 minutes to a stirred 
solution of sodium ethoxide [(0. 026 mole) from sodium (0. 6 g)} in 
superdry ethanol (50 ml). 
2-Formyl-3-thiophenealdehyde ethylene acetal (4 g, 0. 025 mole) 
was added, and the reaction mixture stirred for a further 5 minutes at 
room temperature before diluting to 250 ml with water. The reaction 
mixture was then extracted with cyclohexane (3 x 70 ml), the organic 
phase dried, and the solvent evaporated under reduced pressure to give 
a yellow oil (5. 39 g) containing < 2% impurities (g. 1. c., 2. 5% OV1, 
240°C). This material solidified, recrystallisation gave white crystals of 
2-(E- 2 -ethoxyc arbonylethenyl)- 3 -thiophenealdehyde ethylene acetal 
(4. 8 g, 87%) m. p.  52-53 0C (from ethanol) (Found: C, 56.8; H, 5.6. 
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C 12 H1404S requires C, 56. 6, 	H, 5. 6%). 
n. m. r. 	(CDC 1 3 ): 	6 1. 32 (t, 	J7Hz, ester CH3 ), 	4. 04 (b. s., acetal 
CH2 ), 	4.14 (q, 17Hz, ester CH2 ), 5. 97 (s, ace tal CH), 	6. 24 (d, 
116Hz, styryl H), 	7. 12 (d, J5Hz, 4-H), 	7. 31 (d, 15Hz, 5-H), 	8. 05 
(d, 116Hz, styryl H) 	1. r. 	(Nujol) 1705 cm- 
1 
	(C =0) ester. 
b) 	2-(E- 2- Ethoxyc arbonylethenyl)-3 -formylthiophene. 
2 -(E- Ethoxyc arbonylethenyl)-3 -thiophenealdehyde ethylene 
acetal (4. 4 g) was dissolved in methylene chloride (10 ml) and shaken 
with a solution of 3N hydrochloric acid (100 ml) for 30 minutes. 
Methylene chloride (50 ml) was then added, the organic layer separated, 
washed with water, dried, and the solvent removed in vacuo to give a 
green oil (3. 52 g). Short-path distillation gave a clear oil (3. 1 g) 
b. p.  140°C at 0. 1 mmHg. This material solidified, recrystallisation 
yielding white crystals of 2 -(s- 2- ethoxyc arbonylethenyl)-3-formylthio-
phene (2. 72 g, 75%) m. p.  37-38 °C (from ethanol) (Found: C, 57. 2; 
H, 4. 8. C 10H1003 S requires C, 57.2; H, 4.8%). 
' H N. rn. r. (CDC1 3 ): 6 1. 35 (t, J7Hz, ester CH 3 ), 4. 29 (q, J7Hz, ester 
CH2 ), 6.41 (d, 116Hz, styryl H), 7.34 (d, 15Hz, 4-H), 7.50 (d, 15Hz, 
5-H), 8. 35 (d, 116Hz, styryl H), 10. 18 (s, CHO). 
i.r. (Nujol) 1720 cm - 1 (C=0) ester; 1668 cm - 1 (C=0). 
9) 	2-(E- 2- Ethoxycarbonyl- 2 -inethylethenyl)- 3 -formylthiophene 
a) 	2 -(E- 2- Ethoxyc arbonyl- 2 -methylethenyl)-3 -thiophenealdehyde 
ethylene acetal 
c -Me thyldiethylethoxyc  ar bon ylrnethylphosphonate (13 g, 0. 052 
mole) was added dropwise at room temperature over 5 minutes to a 
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stirred solution of sodium ethoxide {(0. 052 mole) from sodium (1. 2 g)J in 
superdry ethanol (100 ml). 
2-Formyl-3-thiophenealdehyde ethylene acetal (8 g, 0. 052 mole) 
was added, and the reaction mixture stirred for a further 5 minutes at 
room temperature before diluting to 500 ml with water. The reaction 
mixture was then extracted with cyclohexane (3 x 120 ml), the organic 
phase dried, and the solvent evaporated under reduced pressure to give 
a clear yellow oil containin g predominantly one isomer (g. 1. c. 2. 5% OV1, 
250°C) with < 5% impurities. Short path distillation gave 
Z-(E- 2 -ethoxyc arbonyl- 2-methylethenyl)-3 -thiophenealdehyde ethylene 
acetal as a clear oil (11. 1 g, 7 6 %) b. p.  1700C at 0. 8 mmHg n 0 1.2785. 
(Found: m/e, 268. 075996. C 13 H1604S requires m/e, 268. 076924). 
N. m. r. (C]JC13 ): 5 1. 31 (t, 37Hz, ester CH 3 ) 2. 19 (d, 32Hz, 
aflylic CH3 ), 3. 95-4.18 (m, acetal CH 2 ), 4. 24 (q, 37Hz, ester 
6. 01 (s, acetal CH), 7.18 (d, 35Hz, 4-H), 7.37 (d, J5Hz, 5-H), 8. 09 
(d, 32Hz, allylic H) i. r. (liquid) 1705 cm 	(C =0). 
b) 	2 -(E-2 - Ethoxyc arbonyl- 2 -methylethenyl)-3 -formyithiophene. 
2_(- 2-Ethoxyc arbonyl- 2 -methylethenyl)-3 -thiophenealdehyde 
ethylene acetal (1. 80 g) was shaken with a solution of 3N hydrochloric acid 
(20 ml) for 30 minutes. Methylene chloride (50 ml) was then added, 
the organic layer separated, washed with water, dried, and the solvent 
removed in vacuo to give a green oil (1. 51 g). Short-path distillation gave 
2-(E-2-ethoxyc arbonyl- 2-methylethenyl)-3 -formyithiophene as a clear 
20 
yellow oil (1. 30 g, 86%). b. p.  150°C at 0. 3 mmHg n 1.3009 
(Found: m/e, 224.050976. C 11 H1203 S requires m/e, 224.050711). 
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N. m. r. (CDC1 3 ): 5 1. 34 (t, J7Hz, ester CH 3 ), 2. 19 (d, JZHz, 
allylic Cl-i3 ), 4.25 (q, J7Hz, ester CH 2),  7. 38 (d, J5Hz, 4-H), 7. 50 
(d, J5Hz, 5-H), 8.41 (d, J2Hz, allylic H), 10.19 (s, CHO) i.r. (liquid) 
1685 cm- 
1 
 broad (C0). 
10) 	2-(E- 2- Benzoylethenyl)-3 -formylthiophene. 
a) 	2-(E-2- Benzoylethenyl)-3 -thiophenealdehyde ethylene acetal 
Die thylphenacylphosphonate (4. 2 g, 0. 016 mole) was added drop-
wise at room temperature over 5 minutes to a stirred solution of sodium 
ethoxide [(0. 016 mole) from sodium (0. 375 g)] in superdry ethanol (40 
ml). 2 -For myl-3 -thiophenealdehyde ethylene acetal (3 g, 0. 016 mole) 
was added, and the reaction mixture stirred for a further 5 minutes at 
room temperature before diluting to 200 ml with water. The reaction 
mixture was then extracted with cyclohexane (3 x 50 ml), the organic 
phase dried, and the solvent evaporated under reduced pressure to give 
a brown solid (4. 21 g). Recrystallisation yielded yellow needles of 
2- Benzoylethenyl)-3 -thiophenealdehyde ethylene ac etal (4. 05 g, 
87%) m.  p.  99-100 0C. G. 1. c. (2. 5% OV1, 250 0C) and 'H n. m. r. 
indicated this to be pure E-isomer. 
(Found: C, 67. 1; H, 5. 0. C 16 H1403 S requires C, 67.1; H, 4.9%). 
' H N. m. r. (CDC1 3 ): 6 3. 84-4. 12 (m, acetal 4H), 5. 96 (s, acetal H), 
7. 08 (d, J5Hz, 4-H), 7. 25 (d, J5Hz, 5-H), 7. 55-7. 30 (m, meta, para-
phenyl + styryl H) 8. 02-7. 87 (m, orthophenyl), 8. 16 (d, J16Hz, styryl 
H). i. r. (Nujol) 1660 cm 
1 
 (C =0). 
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b) 	2-(E-2-Ben zoylethenyl)- 3-formyithiophene 
2- (E- 2-Benz oylethenyl)-3  -thiophenealdehyde ethylene ac etal 
(3. 80 g) was shaken with a solution of 3N hydrochloric acid (150 ml) for 
3 hours. A yellow solid (3. 24 g) was filtered off and recrystallised to 
give yellow needles of 
2-(E-2-benzoylethenyl)-3-formylthiophene (3. 03 g, 93%) m. p.  108-
109°C (from ethanol) (Found: C, 69.2; H, 4.2. C 14H1002S requires 
C, 69.4; H, 4.2%). 1 HN.m.r. (CDC13 ) 5 7.61-7.20(m, meta, 
paraphenyl + thiophene 4-H, 5-H + styryl H), 8. 02-7.88 (m, ortho-
phenyl), 8.42 (d, J16Hz, styryl H), 10.19 (s, CHO) 
1. r. (Nujol) 1675 cm- 
1 
 (C =0. formyl); 1660 cm ' (C=0 benzoyl). 
11) 	2 -(E-2- Benzoyl- 2.-methylethenyl)-3 -forn-iylthiophene 
a) 	2-(E-2 - Benzoyl- 2 -methylethenyl)-3 -thiophenealdehyde ethylene 
ac etal. 
a.- Methyldiethylphenac ylphosphonate (4.4 g, 0. 016 mole) was 
added dropwise at room temperature over 5 minutes to a stirred solution 
of sodium ethoxide [(0. 016 mole) from sodium (0. 375 g)} in superdry 
ethanol (40 ml). 2 -For myl- 3 -thiophenealdehyde ethylene acetai. (3 g, 
0. 016 mole) was added, and the reaction mixture stirred for a further 
5 minutes at room temperature before diluting to 200 ml with water. 
The reaction mixture was then extracted with cyclohexane (3 x 50 ml), 
the organic phase dried, and the solvent evaporated under reduced 
pressure to give a brown oil (4. 45 g). This was chromatographed 
(silica, 50 vol % ether in petrol) to give a clear oil (3. 01 .g,) which 
solidified. Recrystaflisation yielded white crystals of 
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2- E-(2-benzoyl- 2-rnethylethenyl)-3 -thiophenealdehyde ethylene acetal 
(2. 74 g, 60%) m. p.  61-63 °C (from ethanol) (Found: C, 67. 8; H, 5.4. 
C 17H16 03 S requires C, 68. 0; H, 5.4%). 
n. m. r. (CDC1 3 ): 5 2. 28 (d, J2Hz, allylic CH 3 ), 3. 72 (b. s., 
acetal CH2 ), 5. 70 (s, acetal CH), 7. 11 (d, J5Hz, 4-H), 7.32-7. 75 




b) 	2-(E- 2- Benzoyl- 2-methylethenyl)- 3 -formyithiophene. 
2 -(E-2- Benzoyl- 2-methylethenyl)-3 -thiophenealdehyde ethylene 
acetal (2. 3 g) was shaken with a solution of 3N hydrochloric acid (100 ml) 
for 3 hours. A yellow solid (1. 99 g) was filtered off, and recrystallised 
to give white crystals of 
2-(E-2-benz oyl- Z-rnethylethenyl)-3 -formyithiophene (1. 64 g, 84%) 
m. p.  65-67°C (from ethanol) (Found: C, 70.3; H, 4.8. C 15 H 1202 S 
requires C, 70.3; H, 4.7%). 
n. m. r. (CDC1 3 ): 5 2.30 (d, J2Hz, allylic CH 3 ) 7. 38-7. 70 (m, 
phenyl + thiophene), 8. 03 (d, J2Hz, allylic H), 9. 93 (s, CHO). 
i. r. (Nujol) 1680 cm- 
1 
 (C=0 formyl); 1630 cm 
1 
 (C=0 benzoyl). 
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D. 	SYNTHESIS OF 2-ALKENYLARYL ALDEHYDES AND 
2- ALKENYLARYLKET ONES 
1-Br omomethyl-2-methylbenzene 
This was prepared by the method of Atkinson and Thorpe 179by 
the addition of bromine to o-xylene, with accompanying irradiation from 
a tungsten filernent lamp. Distillation of the crude oil yielded 
1-br ornomethyl- 2 -rnethylbenzene (65%) 
0 	 179 
b. p.  102-108 C at 30 mmHg (lit. , 215-218 C at 760 mmHg). 
l- For rrxyl-2-methylbenzene 
180 
This was prepared by the method of Haas and Bender involving 
the reaction of 1-bromomethyl-2-methylbenzene with the sodium salt 
of 2-nitropropane. The crude product was distilled to give 
1-formyl-2-methylbenzene (77%) 
180 
b. p.  83-88 Cat 24 mmHg (lit. , 68-72 C at 6 mmHg). 
2-Bromobenzyl bromide 
181 
This was prepared by the method of Shoesmith and Slater 
from 2-bromotoluene and bromine. After distillation, this yielded 
2-bromobenzyl bromide (84%) 
181 
b. p. 70-72 C at 0. 4 mmHg (lit. , 129 C at 19 mmHg). 
2- Br omobenz yltr iphenylpho sphonium bromide 
This was prepared by the reaction of 2-bromobenzyl bromide 
with triphenylphosphine in dry, ref luxing benzene. After 30 minutes, 
the precipitate was filtered off and washed with benzene, giving 
2-br omobenz yltr iphenylpho sphonium bromide (98%) 
182 
m. p. 195-197 C (lit., 195-197 C). 
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5) 	1-Form -2-(E-2-phenylethenyl)benzene  
1 -Methyl-2-(E-2-phenylethenyl)benzene 
A solution of sodium ethoxide [(0. 28 mole) from sodium (6.4 g)] 
in superdry ethanol (240 ml) was added over 1 hour to a stirred mixture 
of 1-formyl-2-methylbenzene (33.4 g, 0. 27 mole) and 2-bromobenzyl-
triphenyiph6sphonium bromide (120 g, 0. 27 mole) in superdry ethanol 
(200 ml). The reaction mixture was then stirred for a further hour at 
room temperature. The usual work-up was followed by chromatography 
(alumina, petrol) to give a clear oil (50 g, 92%) containing the E and Z 
isomers (g. 1. c. , 2.5% OV1, 190 °C). 
This oil was dissolved in n-heptane (150 ml) containing iodine 
(0. 05 g) and was refluxed for 10 hours by which time the Z isomer was 
<5 %. After removal of solvent in vacuo, the residue was dissolved in 
chloroform (200 ml) and washed with aqueous sodium thiosuiphate (5% 
w/v, 2 x 200 ml), then water (200 ml). It was then dried and evaporated 
under reduced pressure to give a yellow oil (36 g). Chromatography 
(silica, petrol) gave a clear oil (32. 9 g) which solidified. Recrystallisa-
tion gave white crystals of 1-methyl- 2 -(E-2-phenylethenyl)benzene 
(27.9 g, 51%) m. p. 29-30 0C (from ethanol) (lit. , 3 31-32 °C) 
n. m. r. (CDC13 ): 5 2.44 (s, CH3 ), 7. 10-7. 68 (m, 11H). 
Hexamethylenetetramine salt of 1- Br omomethyl- 2-(E- 2-
phen ylethenyl )benzene 
1-Methyl-2-(E-2-phenylethenyl)benzene (27 g, 0. 14 mole) and 
benzoylper oxide (0. 2 g) were dissolved in dry carbon tetrachloride (200 
ml) and heated t6 reflux, when a mixture of N-bromosuccinimide (25 g, 
0. 14 mole) and benzoylper oxide (0. 3 g) were added in one batch. 
194 
The mixture was refluxed for 7 hours, monitoring by g. 1. c. (2. 5% 
OV1, 190 °C). The reaction mixture was cooled, the succinimide 
produced was removed by filtration, and th& solvent was evaporated 
from the filtrate under reduced pressure to give a clear yellow oil (38 g), 
shown by n. m. r. and g. 1. c. to contain 1-bromomethyl-2-(-2-phenyl-
ethenyl)benzene 6 4.53 (CH 2 ) with <5% contaminants. 
The crude product (38 g) and hexamethylenetetramine (26 g, 
0. 18 mole) in chloroform (100 ml) were refluxed for 2 hours. The 
precipitated salt was filtered and washed copiously with ether. Re-
crystallisation yielded white crystals of the hexamethylenetetr amine 
salt of 1-brornomethyl-2-(E-2-phenylethenyl)benzene (51. 8 g, 89%) 
m. p. 189-190 °C (from ethanol) (Found: C, 60.9; H, 6.3; N, 13.3. 
C 21 H25N4Br requires C, 60.6; H, 6.1; N, 13.5%). 
1 -Formyl-2-(E-2-phenylethenyl)benzene 
The hexamethylenetetr amine salt of 1 -bromomethyl- 2 -(E- 2-
phenylethenyl)benzene (50 g, 0. 12 mole) and aqueous acetic acid (50 
vol%, 180 ml) were refluxed with stirring for 1. 5 hours. A solution 
of hydrochloric acid (40 ml) in water (50 ml) was added, and the mixture 
boiled for a further 5 minutes. After cooling, the mixture was extracted 
with ether (2 x 200 ml) and the extract washed with aqueous sodium 
carbonate (5%w/v, 2 x 200 ml), water (200 ml) and dried. Evaporation 
of the solvent under reduced pressure gave a yellow oil (15.4 g) which 
was chromatographed (silica, 5 vol % ether in petrol) 'to give 
1 -formyl-2-(E-2-phenylethenyl)benzene (12.1 g, 46 %) 
rn. ° 4 p. 80-81C (from ethanol) (lit 83°C). 
195 
1 H n. m. r. (CDC1 3 ) 7. 03 (d, J16Hz, styryl H), 7.80-7. 21 (rn, 
aromatic), 8. 08 (d, J16Hz, styryl H), 10.27 (CHO). 
6) 	1 -Formyl- 2-(Z- 2-phenylethenyl)benzene 
a) 	1-Bromo-2-(2-phenylethenyl)benzene as E/Z mixture 
A solution of sodium ethoxide {(0. 2 mole) from sodium (4. 5 g)] 
in superdry ethanol (200 ml) was added over 1 hour at room temperature 
to a stirred mixture of redistilled benzaldehyde (21 g, 0. 195 mole) and 
11 
2-bromobenzyltriphenylphosphonium bromide (100 g, 0. 195 mole) in 
superdry ethanol (200 ml). The reaction mixture was then allowed to 
stir at room temperature overnight. Removal of solvent in vacuo gave 
a brown oil (126 g) which was chromatograph.ed (alumina, n-heptane) to 
remove triphenylphosphiné oxide. By chromatography it was possible 
to completely separate the Z-isomer from a mixture of E- and Z-isomers, 
checking by g. 1. c. (3% OW, 190 °C). 
Elution gave:  
E--isomer (25 g; E-impurity<5%). 
This was distilled to give: 
1-bromo-2-(-2-phenyletheny1)benzene (21.1 g, 39%) 
b. p.  98 
0 




(Found: C, 64.6; H, 4.3. C 14H11 Br requires C, 64. 9; H, 4.3%). 
'H n.m. r. (CDC1 3 ): 6 6.61-7.59 (m). 
mixture of Z- (48%) and E- (52%) isomers (23 g) 
This was isomerised to the E-isomer (impurity <5%)  by refluxing 
in n-heptane (100 ml) containing iodine (0. 05 g) for 56 hours. Distillation 
gave 1-bromo-2-(E-2-phenylethenyl)benzene (20. 9 g, 38%) 
b. p.  115 °C at 0. 15 mmHg (lit. ,
185  
 1450C at 0.55 mmHg). 
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b) 	1- For myl-2-(Z - 2-phenylethenyl)benzene 
A Grignard reagent was prepared byaddition of a solution of 
1-bromo-2-(Z-2-phenylethenyl)benzene (20 g, 0. 077 mole) in dry 
tetrahydrofuran (50 ml) to a stirred suspension of magnesium (2 g, 
0. 08 mole) in dry tetrahydrofuran (20 ml) at room temperature over 
30 minutes, causing an exothermic reaction. After addition, dry 
dimethylformamide (10 g, 0. 13 mole) in dry tetrahydrofuran (50 ml) 
was added with stirring over a further 30 minutes, causing a further 
exothermic reaction. The mixture was allowed to cool to room 
temperature and hydrolysed by the addition of a solution of ammonium 
chloride (25%w/v,  200 ml). Ether (100 ml) was added, and the organic 
phase separated, washed with water (150 ml) and dried. Removal of 
solvent in vacuo gave a yellow oil (15. 8 g) which was distilled giving 
1-f ormyl-2-(Z- 2-phenylethenyl)benzene (12. 8 g, 80%) 
b. p.  .87°C at 0.2 mmHg 
n0  1.4132 
(Found: C, 86. 5; H, 5. 9. C 15H12 0 requires C, 86.5; H, 5.8%) 
' H n.m. r. (CDC1 3 ): 8 6. 50-7.83 (in, llH), 10.18 (s, CHO) 
i. r. (liquid) 1690 cm 
1 
 (C =0). 
C) 	1 -Formyl-2-(E-2-phenylethenyl)benzene 
This was prepared by the method of Smith and Bayliss using 
the Grignard reaction of 1 -bromo-2 -(-2-phenylethenyl)benzene and 
magnesium in dry tetrahydrofuran and dry dime thylforrnamide... The 
crude product was purified by chromatography (alumina, 20 vol % ether 
in petrol) to give 1-formyl-2-(E-2-phenylethenyl)benzene (67%) 
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Freshly-sublimed potassium tert-butoxide (6. 6 g, 0. 059 mole) 
was dissolved in dry tert-butanol (100 ml) and added over 2 hours to a 
stirred, refluxing mixture of 2-brbmobenzyltriphenylphosphonium 
bromide (30 g, 0. 058 mole) and benzophenone (10. 9 g, 0. 058 mole) in 
dry tert-butanol (100 ml). The reaction mixture was stirred at reflux 
for a further 15 hours. Most of the solvent was evaporated under 
reduced pressure, water (200 ml) was added, and the organic phase 
extracted into methylene chloride (3 x 100 ml) and dried. Removal of 
solvent in vacuo gave a clear oil (14. 7 g) which was chromatographed 
(alumina, petrol) to give a clear oil (13. 5 g) which solidified. Re-
crystallisation gave 1 -bromo- 2_(2, 2 -diphenylethenyl)benzene (12 g, . 61 %) 
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m. p. 61. 5-62.5 C (from ethanol) (lit., 61.5-62.5 C). 
1 -For myl-2-(2, 2-diphenylethenyl)benzene 
A Grignard reagent was prepared by addition of a solution of 
1-bromo-2-(2, 2-diphenylethenyl)benzene (11. 8 g, 0. 035 mole) in dry 
ether (50 ml) to a stirred suspension of magnesium (1 g, 0. 04 mole) in 
dry ether (20 ml) at room temperature over 1 hour. After stirring 
for 6 hours at room temperature, dry dimethylformamide (5 g, 0. 065 
mole) in dry ether (20 ml) was added over 1 hour. The r eaction mixture 
was stirred overnight before addition of .a solution of ammonium chloride 
( 25 %w/v, 150 ml). Ether (100 ml) was added, the organic layer 
separated, washed with water (150 ml) and dried. Removal of solvent 
in vacuo gave a clear oil (8. 1 g) which solidified. Recrystallisation 
yielded white crystals of 
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1-f ormyl- 2_(2, 2 -diphenylethenyl)benzene (7.1 g, 70%) 
imp. 102-103 °C (from ethanol) (Found: m/e 284. 119060 
C 21 H16 0 requires 284. 120109) ' H n. m. r. (CDC13 ): 6 6. 92-7. 75 
(xii, 15H), 10. 21 (s, CHO) i. r. (Nujol) 1690 cm- 
I 
 (C =0). 
8) 	1 -For myl-2-(2-methyl-2-phenylethenyl)benzene as E/Z mixture 
a) 	1 -Bromo-2-(2-methyl-2-phenylethenyl)benzene as E/Z mixture 
A solution of sodium ethoxide {(0. 14 mole) from sodium (3. 2 g)] 
in superdry ethanol (100 ml) was added over 2 hours at room temperature 
to a stirred mixture of acetophenone (16. 5 g, 0. 1375 mole) and 
2-bromobenzyltriphenylphosphonium bromide (70 g, 0. 1375 mole) in 
superdry ethanol (150 ml). After stirring at room temperature overnight, 
most of the solvent was removed in vacuo, and water (200 ml) added. 
This was extracted with methylene chloride (3 x 100 ml) and the organic 
extracts dried. Evaporation of the solvent underreduced pressure 
gave a clear oil (30.9 g) which was shown by g. 1. c. (2.5% OW, 190 °C) 
to consist of a 50:50 mixture of the E-methyl and Z-methyl isomer. 
This oil was dissolved in n-heptane (200 ml) containing iodine (0. 1 g) 
and refluxed for 24 hours, but with no alteration of the isomer ratio. 
The n-heptane was removed in vacuo to give a purple oil (30. 4 g) which 
was chromatographed (alumina, petrol) to give a clear oil (26. 1 g). 
This was distilled to give 1 -bromo- 2-(2-methyl-2-phenylethenyl)benzene 
as an E/Z mixture (23.4 g, 6 3%) b.  p.  1240C at 0. 5 mmHg n ° 1.3382 
(Found: 	C, 66. 2; 	H, 5. 0. 	C 15H13 Br requires C, 66.0; H, 4.8). 
' H n. m. r. (CDC1 3 ): 	6 2. 08 (d, 	Jl. 5, Z-CH3 ), 	2. 20 (d, Jl. 5, E-CH3 ), 
6. 52-7. 66 (m, lOH). 
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1 -Formyl-2-(Z-methyl-Z-phenylethenyl)benzene as an El Z mixture 
A Grignard reagent was prepared by addition of a solution of 
1-bromo-2-(2-methyl-2-phenylethenyl)benzene (23. 4 g, 0. 086 mole) in 
dry ether (50 ml) to a stirred suspension of magnesium (2. 05 g, 0. 086 
mole) in dry ether (50 ml) at room temperature over 30 minutes. Dry 
dimethylformamide (12 g, 0. 11 mole) in dry ether (50 ml) was then 
added dropwise with stirring over a further 30 minutes. The mixture 
was allowed to cool before hydrolysis by the addition of a solution of 
ammonium chloride (25%w/v, 200 ml). Ether (100 ml) was added, and 
the organic phase separated, washed with water (150 ml) and dried. 
Removal of solvent in vacuo gave a yellow oil (16. 3 g) which was distilled 
giving 1-formyl-2-(2-methyl-2-phenylethenyl)benzene as an E/Z mixture 
(ratio E-phenyl : Z-phenyl 2:1) (14. 7 g, 77%) b. p.  132 0C at 0.5 mmHg. 
(Found: C, 86.3; H, 6.6. C 16 H140 requires C, 86.4; H, 6.4%) 
H n.m. r. (CDC1 3 ): 6 2. 05 (d, J1. 5, E-CH 3 ), 2.30 (d, 11. 5, Z-C.H3 ), 
7 
[ratio 1:2], 6.90-7.97(m, 10H) 10. 20 (s, Z-CHO), 10. 24 (s, E-CHO) 
[ratio 2:11. 
9) 	1- For myl- 2 -(2,2 -dime thylethenyl)benzene 
a) 	1 -Bromo-2-(2, 2 -dime thylethenyl)benzene 
A solution of sodium ethoxide [(0. 196 mole) from sodium (4. 5 g)] 
in supedry ethanol (200 ml) was added over 2 hours at room temperature 
to a stirred mixture of acetone (11. 8 g, 0. 2 mole) and 
2-bromobenzyltriphenylphosphonium bromide (100 g, 0. 195 mole) in 
superdry ethanol (150 ml). After stirring at room temperature overnight, 
most of the solvent was removed in vacuo, and water (200 ml) added. 
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This was extracted with methylene chloride (3 x 100 ml), and the 
organic extracts dried. The solvent was evaporated under reduced 
pressure and the residual oil chromatographed (alumina, petrol) to 
give 1-bromo-2-(2,2-dimethylethenyl)benzene (27.9 g, 6 8%) 
b. p.  52 °C at 0. 4 mmHg - n ° 1. 0991. 
(Found: m/e 	212. 001199. C 10HBr requires 
 11 
212. 002491) 
' H n. m. r. 	(CDC1 3 ): 	5 1. 68 (d, Ji. 5, Z-CH3 ), 1. 86 (d, J1. 5, E-CH3 ), 
6.20 (b. s. olefinic H), 6.88-7.50 (m, 4H, aromatic). 
1 -Formyl-2-(2,2-dimethylethenyl)benzene 
A Grignard reagent was prepared by addition of a solution of 
1-bromo-2-(2, 2-dimethyle then yl)benzene (27. 9 g, 0. 132 mole) in dry 
ether (50 ml) to a stirred suspension of magnesium (3. 4 g, 0. 14 mole) 
in dry ether (50 ml) at room temperature over 30 minutes, causing an 
exothermic reaction. Dry dimethylformamide (13. 5 g, 0. 17 mole) in 
dry ether (50 ml) was then added dropwise with stirring over 30 minutes, 
causing a further exothermic reaction. The mixture was allowed to cool 
bef ore hydrolysis by the addition of a solution of ammonium chloride 
( 2 5%w/v, 200 ml). Ether (100 ml) was added, and the organic phase 
separated, washed with water (150 ml) and dried. Removal of solvent 
in vacuo gave a yellow oil (18. 1 g) which was distilled to give 
1-formyl-2-(2, 2-dimethyle then yl)benzene (15. 9 g, 75%) 
b. p. 64 
0 
 Cat 1 mmHg n  20 1.1066 
(Found: C, 82. 3; H, 7. 5. C 11 H12 0 requires C, 82. 5; H, 7. 5%) 
'H n. m. r. (CDC 1 3 ): 5 1. 51 (d, J1. 5, Z-CH 3 ), 1. 91 (d, Jl. 5, E-CH3 ), 
6. 52 (b. s. olefinic H), 7.16-7. 88 (m, 4H, aromatic), 10. 20 (s, CHO). 
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10) 1-Formyl-2-(2-methylethenyl)benzene as E /Z mixture 
a) 	1- Bromo- 2-(2-methylethenyl)benz ene as E/ Z mixture 
A solution of sodium ethoxide [(0.38 mole) from sodium (8. 4 g)] 
in superdry ethanol (300 ml) was added over 2 hours at room temperature 
to a stirred mixture of redistilled acetaldehyde (16. 1 g, 0. 37 mole) and 
2-bromobenzyltriphenylphosphonium bromide (200 g, 0. 39 mole). The 
reaction mixture was then allowed to stir at room temperature overnight. 
Removal of solvent in vacuo gave a brown oil (227 g) which was chromato-
graphed (alumina, petrol) to give a clear oil (56.3 g). This was shown 
by g. 1. c. (3% OV1, 120°C) to be a mixture of -methyl and E-methyl 
isomers (ratio 1:0. 65). This was distilled to give an identical E/Z 
mixture of 1-bromo-2-(2-methylethenyl)benzene (48. 8 g, 69%) 
b. p.  52°C at 0.2 mmHg n 	 1. 2102. 
(Found: C, 55. 0; H, 4. 5. C 9 H9Br requires C, 54.9; H, 4. 6). 
n.m. r. (CDC1 3 ): 	1. 75 (d. of d., J = J, 1. 5, Z-CH 3 ), 1.89 (d. of d., 
J = 7, 1. 5, E-CH 3 ), 5.7-7.61 (m, 6H, aromatic, olefinic). 
1 -Formyl- 2-(2-methylethenyl)benzene as E / Z mixture 
A Grignard reagent was prepared by addition of a solution of 
1-bromo-2-(2-methylethenyl)benzene (30 g, 0. 152 mole) in dry tetra-
hydrofuran (50 ml) to a stirred suspension of magnesium (4 g, 0. 165 
mole) in dry tetrahydrofuran (30 ml). The exothermic reaction was 
complete in 30 minutes. A solution of dry dimethylformamide (15 g, 
0. 197 mole) in dry tetrahydrofuran (50 ml) was then added dropwise 
with stirring over 30 minutes, causing a further exothermic reaction. 
The mixture was allowed to cool before hydrolysis by the addition of a 
202 
solution of ammonium chloride (25% w/v, 200 ml). Ether (100 ml) 
was added, and the organic phase separated, washed with water (150 ml) 
and dried. The ether was evaporated under reduced pressure giving 
a yellow oil (21. 9 g) which was distilled to yield 1-formyl-2-(2-methyl-
eth enyl)b enz en e as an E / Z mixture ( : Z ratio 0. 6:1) (15. 7 g. 71 %) 
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b. p.  .58°C at 0.4 mmHg 	iiD 	1. 2817.. 
(Found: C. 82.2; H, 7.0. C 10H10 0 requires C, 82.2; H, 6.9%). 
n.m. r. (CDC1 3 ): 5  1.65 (d. of d., J 7, 1. 5, Z-CH 3), 1.89(d. of d, 
J 7, .1.5, E-CH3) [ratio 1:0.6], 5.80-6.86(m, 2H, olefinic) 7. 11- 
7. 90 (m, 41-1, aromatic), 10. 14 (s, Z-CHO), 10. 20 (s, E-CHO) 
[ratio 1:0.6]. 
11) 1 -Fo rmyl- 2-(E- 2-m ethyl ethenyl)benzene 
a) 	1 -Bromo- a-(E- 2-methylethenyl)benzene 
A solution of 1-bromo-2.-(2-methylethenyl)benzene (15 g, 0. 076 
mole) and iodine (0. 1 g) in n-heptane (60 ml) was refluxed for 40 hours, 
monitoring by g. 1. c. (3% 0111, 120 °C). After removal of solvent in 
vacuo the residue was dissolved in chloroform (60 ml), washed with 
aqueous sodium thiosuiphate (10% w/v, 3 x 50 ml), then water (100 ml). 
After drying, the solvent was evaporated under reduced pressure and 
the residue chromatographed (alumina, petrol) to give a clear oil 
(13. 1 g) which was distilled to yield 
1-bromo-2-(E-2-methylethenyl)benzene (12.1 g, 8 1 %) b. p.  60-630C 
at 0. 3 mmHg. 
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1 -Formyl- 2-(E- 2-methylethenyl)benzene 
A Grignard reagent was prepared from 1-bromo-2-(E-2-methyl-
ethenyl)benzene (11.5 g, 0.058 mole) and magnesium (1.6 g) in dry 
tetrahydrofuran (40 ml). After stirring for 30 minutes, a solution of 
dry dimethylformamide (6 g, 0. 078 mole) was added dropwise with 
stirring over a further 30 minutes. The mixture was hydrolysed by the 
addition of a solution of ammonium chloride (25% w/v, 200 ml). Ether 
(100 ml) was added, and the organic phase separated, washed with water 
(150 ml) and dried. The ether was evaporated under reduced pressure 
and the residue distilled giving 1 -formyl- 2-(E- 2-methylethenyl)benzene 
(7.3 g, 86%) as a clear oil. b. p. 45 0C at 0. 2 mmHg n ° 1.2798 
n. m. r. (CDC1 3 ): 61.89 (d. of d, J 7, 1. 5, E-CH 3) 5.79-6.90 
(m, olefinic), 7. 11-7. 92 (m, aromatic), 10. 20 (s, CHO). 
12) 1-Acetyl-2-(2-methylethenyl)benzene as E/Z mixture 
a) 	1- Hydroxyethyl- 2-(2-methylethenyl)benz ene as E / Z mixture 
A Grignard reagent was prepared by the addition of methyl iodide 
(19 g, 0. 134 mole) to magnesium (3.5 g, 0. 146 mole) in dry tetrahydro-
furan (50 ml). A solution of 1-formyl-2-(2-methylethenyl)benzene 
(18.5 g, 0. 127 mole) in dry THF (100 ml) was added dropwise with 
stirring over 1 hour at room temperature, and the mixture then stirred 
overnight. The mixture was hydrolysed by the addition of a solution of 
ammonium chloride (25% w/v, 200 ml), and the organic phase extracted 
into ether (200 ml). The ether phase was washed with water (2 x 150 ml), 
dried, and the solvent evaporated under reduced pressure to give a yellow 
oil (19.4 g.). This was distilled to give an E/Z mixture of 
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1 -hydroxyethyl- 2-( 2-methylethenyl)benzene (16.9 g, 82%) (E :Z ratio 
0.6:1) b. p. 72°CatO.2mmHg n ° 1.1110. 
1 -Hydroxyethyl- 2-(E- 2-methylethenyl)benzene 
This was prepared by the above method from methyliodide (8. 5 g, 
0.060 mole), magnesium (1.5 g, 0.062 mole) and l-formyl-2-(E-2- 
m ethyl ethenyl)benzene (7. 0 g, 0. 044 mole). Usual work-up gave a 
yellow oil which was distilled to give 1-hydroxyethyl-2-(E-2-methyl-
ethenyl)benzene (5. 5 g, 78%) as a clear oil b. p.  720C at 0. 2 mmHg 
20 1.1118 (Found: C, 81.6; H, 8.7. C 11 H14 0 requires C, 81.5; 
H, 8.7%). 	1 Hn.m.r. (CDC1 3): 6 1.30 (d, J = 6, C H 
3 
 ) 1.74 (d. of d, 
J = 7, 1. 5, olefin CH3), 3.08 (b. s, OH), 5.02 (q, J = 6, H), 5.97 
(d. of d, J = 15 7, olefin H) 6.58 (d. of d, J = 15, 1. 5, olefin H) 
7.03-7.45 (m, aromatic) i. r. (liquid) 3350 cm- 1 (OH); 1600 (C=C). 
1-Acetyl- 2-(2-methylethenyl)benzene as E / Z mixture 
Chromium trioxide (23. 7, 0. 24 mole) was added during 15 minutes 
with stirring and ice-cooling to pyridine (200 ml). 1-Hydroxyethyl-Z-(2-
m ethyl ethenyl)benzene (12.75 g, 0.08 mole) was added, the mixture was 
stirred at room temperature for 30 minutes, then allowed to stir overnight. 
Ether (1000 ml) was added and the dark precipitate filtered off. Water 
(400 ml) was added to the filtrate, the ether layer separated, and the 
water layer extracted with ether (2 x 200 ml). The combined ether 
phases were washed with a solution of lN hydrochloric acid (3 x 300 ml), 
a solution of sodium bicarbonate (20% w/v, 3 x 300 ml), water (2 x 500 
ml) and dried. The ether was evaporated under reduced pressure to give 
a yellow oil (10. 8 g) which was chromatographed (silica, 50 vol % ether 
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in petrol) to give a clear oil (8. 2 g) which distilled to give an E/Z mixture 
of 1-acetyl-2-(2-methylethenyl)benzene (6.29 g, 52%) (E:Z ratio 0.6:1) 
b. p. 61 °CatO.ZmmHg n ° 1.1201. 
1-Acetyl 2-(E - 2-methylethenyl)benzene 
This was prepared by the above method from 1-hydroxyethyl-2-
(E-2-methylethenyl)benzene (4.8 g,. 0.03 mole) and chromium trioxide 
(9. 3 g, 0. 094 mole) gave a clear yellow oil (3. 9 g) which was short-path 
distilled to give 1-acetyl-2-(-2-methy1ethenyl)benzene (3. 38 g, 7 1 %) 
b. p. 61 °CatO.2mmHg n ° 1.1219 (Found: C, 82.7; H, 7.7. 
C 11 H120 requires C, 82.4; H, 7.5%) ' H n.m. r. (CDC1 3 ): S 1.82 
(d. of d, J 7, 1. 5, olefin CH3), 2.49 (s, CH3 ), 5.91 (d. of d. J 15, 7, 
olefin H), 6.84 (d. of d. J 15, 1. 5, olefin H), 7. 10-7. 71 (m, aromatic). 
1- Bromo- 2-benzaldehyde ethylene ac etal 
This was prepared by the method of Newman and Lee from o-
bromobenzaldehyde, ethylene glycol and p-toluenesulphonic acid in 
refluxing benzene. After work-up the crude product was distilled to 
give 1-bromo-2-benzaldehyde ethylene acetal (81%) b. p.  860C at 0. 1 
mmHg (lit!, 88-  102°C at 0. 5 mmHg). 
1-Forrnyl-2-benzaldehyde ethylene acetal 
A Grignard reagent was prepared by dropwise addition of 1-bromo-
2-benzaldehyde ethylene ace tal (100 g, 0.436 mole) in dry tetrahydrofuran 
(100 ml) to a stirred suspension of magnesium (10.6 g, 0.45 mole) in 
dry tetrahydrofuran (100 ml). Dry dirnethylformamide (46 g, 0. 6 mole) 
in dry tetrahydrofuran (100 ml) was then added with stirring over 1 hour. 
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The mixture was hydrolysed by the addition of a solution of ammonium 
chloride (25% w/v, 250 ml), and the organic phase extracted into ether 
(200 ml). The ether phase was washed with water (2 x 200 ml), dried, 
and the solvent removed in vacuo. The residue was distilled to give 
1-f6rmyl-2-.benzaldehyde ethylene acetal (49 g, 63%) b.p. 81 0C at 
0. 1 mmHg (lit. 9 no b. p. quoted). ' H n. m. r. (CDC1 3): 6 4. 04 (b. - s. 
acetalCH 2), 6.31 (s, acetaiCH), 7.28-7.91 (m, aromatic), 10.39 
CHO). 
15) 1 -(E- 2- Ethoxycarbonylethenyl)- 2-benzaldehyde 
a) 	1 -(E -2- Ethoxycarbonylethenyl)- 2-benzaldehyde ethylene ac etal 
Di ethyl ethoxyca rbo nylm ethylpho sphona te (9. 8 g, 0. 05 mole) was 
added dropwise at room temperature over 5 minutes to a stirred solution 
of sodium ethoxide [(0. 052 mole) from sodium (1. 2 g)] in superdry 
ethanol (100 ml). 1 -Formyl- 2-benzaldehyde ethylene acetal (8.90 g, 0.05 
mole) was added, and the reaction mixture was stirred for a further 5 
minutes at room temperature before diluting to 500 ml with water. The 
reaction mixture was extracted with ether (3 x 100 ml), the organic 
phase dried, and the solvent evaporated under reduced pressure to give 
a yellow oil (11. 9 g). This was chromatographed (silica, 50 vol % ether 
in petrol) to give a clear oil which distilled to give 
1 -(E- 2- ethoxycarbonylethenyl)- 2-benzaldehyde ethylene ac etal (9. 3 g. 
75%) b. p. 135 0C at 0.1 mmHg n ° 1.1588 (Found: C, 68.0; H, 6.6. 
C 14 H16 04 requires C, 67. 7; H, 6.5%). ' H n. m. r. (CDC1 3 ): 6  1. 28 
J 7Hz, ester CH 3 ), 3.85-4.12(m, acetal CH 2), 4. 24 (q, J 7Hz, ester 
CH2), 5.95 (s, acetal CH), 6. 32 (d, J 16Hz, styryl H), 7. 32-7.65 (m, 
4H, aromatic), 8.18 (d, J 16Hz, styryl H) i. r. (liquid) 1710 cm 	(C0) 
ester. 
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b) 	1 -(E - 2-E thoxyarbonylethenyl)- 2-benzaldehyde 
1 -(E -2-Ethoxycarbonylethenyl)-2.-benzaldehyde ethylene acetal 
(8 g) was shaken with a solution of 3N hydrochloric acid (100 nil) for 
24 hours. Methylene chloride (100 ml) was then added, the organic 
layer separated, washed with water (2 x 100 ml), dried, and the solvent 
removed in vacuo to give a yellow oil (6.4 g) which distilled to give 
1 -(i- 2- ethoxycarbonylethenyl)- 2-benzaldehyde (5.4 g, 83%) 
b. p. 120°C at 0. 1 mmHg n ° 1.3682. 
(Found: C, 70. ; H, 6.0. C 12H1203 requires C, 70.6; H, 6. 0%). 
' H n.m. r. (CDC1 3 ): 	1. 31 (t, J 7Hz, ester CH 3 ), 4. 24 (q, J 7Hz, 
ester CH2), 6. 32 (d, J 16Hz, styryl H), 7. 29-7. 86 (m, 4H, aromatic), 
8.49 (d, J 16Hz, styryl H), 10. 24 (s, CHO) i. r. (liquid) 1710 cm- I 
(C=O) ester; 1640 cm ' (C0) formyl g. 1. c. (2.5% OVl, 245 0C) 
E-isomer> 98%. 
16) l-(E- 2-Benzoylethenyl)- 2-benzaldehyde 
a) 	1 -(E- 2- Benzoylethenyl)- 2-benzaldehyde ethylene acetal 
Diethylphenacylpho s phonate (14. 5 g, 0. 055 mole) was added drop-
wise at room temperature over 5 minutes to a stirred solution of sodium 
ethoxide [(o. 056 mole) from sodium (1. 29 g)] in superdry ethanol (130 
ml). 
1-Formyl-2-benzaldehyde ethylene acetal (10. 0 g, 0. 055 mole) 
was added and the reaction mixture stirred for a further 5 minutes at 
room temperature before diluting to 600 ml with water. The reaction 
mixture was extracted with ether (3 x 100 ml), the organic phase dried, 
and the solvent evaporated under reduced pressure to give a yellow oil 
(14. 9 g). This was chromatographed (silica, 50 vol % ether in petrol) 
to give a clear oil which distilled to give 1-(E-2-benzoylethenyl)-Z-
benzaldehyde ethylene acetal (11.4 g, 7 3%) b. p. 190 0C at 0.2 mmHg 
n 
20 
 1.3128 	(Found: C, 77.4; H, 5.8. C 18 H16 0 requires C, 77.1; 
H, 5. 7%). 'H n.m. r. (CDC1 3): 6 3. 95-4. 25 (m, 4H, acetal CH 2 ) , 
 
6. 10 (s, acetal CH), 7.35-8. 18 (m, 10H, aromatic + styryl), 8. 32 (d, 
J 16Hz, styryl H). 	- 
b) 	1-(E-2-Benzoylethenyl)-2-benzaldehyde 
1 -(E- 2- Benzoylethenyl)- 2-benzaldehyde ethylene ac etal (10. 5 g) 
was shaken with a solution of 6N hydrochloric acid (100 ml) for 12 hours. 
The solid obtained was filtered off and recrystallised to give yellow 
crystals of 1-(E-2-benzoylethenyl)-2-benzaldehyde (6.9 g. 7 8%) 
m. p. 61-62°C (Found: C, 81.2; H, 5.1. C 16 H1202 requires C, 81.4; 
H, 5. 1%). 1H n. m. r. (CDC1 3): 5 7.20-8.26 (m, lOH, aromatic + 
styryl), 8.60 (d, J 16Hz, styryl H), 10. 28 (s, CHO). 
g. 1. c. (2. 5% OV1, 244 °C) E-isomer > 98%. 
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2. PREPARATION OF P-TOLtJENESULPHONYLHYDRAZONES 
Mass spectra of all new p- toluene sulphonylhydrazones are 
recorded in Appendix 2. 1 H n. m. r. spectra of all new p-toluene-
sulphonylhydrazones are recorded in Appendix 3. 
The following p- toluenes ulphonylhydrazones were prepared by 
mixture of warm (45 0C) ethanolic solutions of the aldehyde and p-toluene-
sulphonylhydrazine (1 molar equivalent), the product usually crystallising 
in good yield. Where chromatography was required, experimental 
details are given. 
3- Formyl- 2-(E- 2-phenylethenyl)thiophene tosyihydrazone 
Yellow crystals, 77%. m. p.  143-145°C (from ethanol) 
(Found: C, 62.7; H, 4.8; N, 7.3. C 20 H18N 202S 2 requires C, 62.8; 
H, 4. 7; N, 7. 3%). i. r. (Nujol) 3200 cm 	(N- H). 
2- Formyl- 3-(E - 2-phenylethenyl)thiophene tosyihydrazone 
Yellow crystals, 83%. m. p.  127-129 
0
C (from ethanol) 
(Found: C, 62. 6; H, 4. 7; N, 7. 2. C 20H18N 202S 2 requires C, 62. 8; 
H, 4. 7; N, 7. 3%).  i. r. (Nujol) 3210 cm- 
I 
 (N- H). 
3- Formyl-4 -(E- 2- phenylethenyl)thiophene tosyihydrazone 
Off-white crystals, 72%.  m. p. 175-176. 5°C (from ethanol) 
(Found: C, 62. 8; H, 4. 7; N, 7. 2. C 20 H18 N 202S 2 requires C, 62.8; 
H, 4.7; N, 7. 3%).  i. r. (Nujol) 3220 cm- 
1 
 (N- H). 
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2- Formyl- 3- phenylthiophene tosyihydrazone 
Yellow crystals, 75%. m. p.  62-63.5 0C (from ethanol) 
(Found: C, 60.7; H, 4.5; N, 7.8. C 18 H16 N 202S 2 requires 
C, 60.7; H, 4.5; N, 7.8%).  i. r. (Nujol) 3180 cm- 1 (N-H). 
3-Formyl- Z-phenylthiophene tosylhydrazone 
White crystals, 81%. m.p. 55-57 0C (from ethanol). 
(Found: C, 60. 9; H, 4. 5; N, 7. 9. C 18 H 16N 202S 2 requires C, 60. 7; 
H, 4. 5; N, 7.8%). i. r. (Nujol) 3170 cm ' (N-H). 
3-Formyl- 2, 2'-bithienyl tosylhydrazone 
This could not be induced to crystallise and was isolated as a 
yellow foam in> 97% crude yield. m. p.  152-156°C. (Found: m/e 
362. 019894. C 16 H14 N 202S 3 requires 362. 021739). 
1-Formyl- 2-(E- 2-phenylethenyl)benzene tosylhydrazone 
White crystals, 73%.  m.p. 142-144°C (from ethanol) 
(lit. 1,90 145-146. 50C). i. r. (Nujol) 3210 cm ' (N-H). 
1 -Formyl- 2- (Z -2- phenylethenyl)benz ene tosyihydrazone 
White crystals, 79%. m. p.  104. 5-106 °C (from ethanol) 
(Found: C, 70.4; H, 5.5; N, 7.5. C 22H 20N 202S requires C, 70.2;-  
H, 5.4; N, 7.4%) i. r. (Nujol) 3160 cm- 
I 
 (N- H). 
1 -Formy 2-( 2, 2- diphenylethenyl)benzene tosylhydrazone 
White crystals, 79%. m. p.  167-168 
0
C (from ethanol) 
(Found: C, 74.2; H, 5.4; N, 6.1. C 28 H24N 202S requires C, 74.3; 
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H, 5.4; N, 6.2%) i. r. (Nujol) 3200 cm- 
I 
 (N- H). 
1 -Forrnyl- 2-(E- 2-methylethenyl)benz ene tosyihydrazone 
White crystals, 59%.  m. p. 125-127°C (from ethanol) 
(Found: C. 65.0; H, 5.7; N, 8.7.. C 17 H 18N 202S requires C, 65.0; 
H, 5. 8; N, 8. 9%)  i. r.' (Nujol) 3160 cm 	(N- H). 
1- Formyl- 2- (Z- 2-methylethenyl)b enz ene tosylhydrazone 
1-Formyl-2-(1-methylethenyl)benzene (15. 2 g, 0. 104 mole, ratio 
Z:E 1:0.6) was dissolved in ethanol (40 ml), warmed to 45 0C, and added 
to a solution of p- toluenes ulphonylhydraz ide (19.4 g, 0. 104 mole) in 
ethanol (50 ml), also warmed to 45 °C. T. 1. c. indicated that the mixture 
of Z- and E-tosylhydrazones formed could not be separated by chromato-
graphy. After 24 hours, white crystals were deposited which were 
filtered off and recrystallised to give 
1 -formyl- 2-(Z- 2-methylethenyl)benzene to sylhydrazone (4.52g, 1 5%) 
m. p.  135-137 °C (from ethanol) (Found: C, 65. 2; H, 5.8; N, 9. 1. 




1 2)a) 1- Fo rmyl- 2- (2-methyl- E- 2- phenylethenyl)benzene to syihydrazone 
b) 	1- Formyl- 2-(2-methyl- Z- 2- phenylethenyl)benz erie tosylhydrazone 
1 -Formyl- 2-(2-methyl- 2-phenylethenyl)benz erie (5 g, 0.026 mole, 
ratio E-phenyl : Z-phenyl 2:1) was dissolved in ethanol (20 ml), warmed 
to 45°C, and added to a solution of p- toluenes u].phonylhydrazide (4. 2 g, 
0.026 mole) in ethanol (20 ml), also warmed to 45 
0 
C.  No crystals were 
deposited after 24 hours. The solvent was evaporated under reduced 
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pressure to give a yellow oil (9. 2 g) which was chromatographed (silica, 
50 vol % ether in petrol). Two white solids were obtained which were 
recrystallised to give 
a) 1 -formyl- 2-(2-methyl-E- 2-phenylethenyl)benz ene tosyihydrazone 
(4.2g, 48%) m. p. 124.5-126.5°C (from ethanol) 
(Found: C, 70. 5; H, 5. 6; N, 7. 2. C 23 H22N 202S requires C, 70. 8; 
H, 5. 7; N, 7. 2%)  i. r. (Nujol) 3240 cm- 
1 
 (N- H). 
b) 1 -formyl- 2-( 2-methyl-Z- 2-phenylethenyl)benz ene tosylhydrazone 
(2. 0 g, 23%) m. p.  140-1420C (from ethanol) 
(Found: C, 71.0; H, 5.7; N, 7. 2. C 23H22N 202S requires C, 70.8; 
H, 5.7; N, 7. 2%) 	i. r. (Nujol) 3200 cm- 
1 
 (N- H). 
13) 1- Formyl- 2-(2, 2- dim ethyl e thenyl)b enz ene tosylhydrazone 
1-Formyl-2-(2, 2-dimethylethenyl)benzene (5.0 g, 0.03 mole) 
and p- toluenes ulphonylhydrazide (5. 8 g, 0. 03 mole) were separately 
dissolved in ethanol (20 ml), warmed to 450C, and mixed. T. 1. c. 
indicated the reaction to have gone to completion immediately, but no 
crystals were deposited after 24 hours. The solvent was evaporated 
under reduced pressure to give a yellow oil (10. 8 g) which was chromato-
graphed (silica, 50 vol % ether in petrol) to give a white solid which 
was r ecrystallis ed to give 1 -formyl- 2-( 2, 2- dimethylethenyl)benzene 
tosyihydrazone (8. 25 g, 81%) m. p. 110-112°C (from ethanol) 
(Found: C., 65. 7; H, 6. 2; N, 8. 5. C 18 H20 N 202S requires C, 65. 8; 
H, 6. 2; N, 8. 5%) 	i. r. (Nujol) 3240 cm- 
1 
 (N- H). 
The following tosylhydrazones were prepared by warming an 
° ethanolic solution of the aldehyde to 45C and adding an equimolar amount 
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of p- toluene sulphonylhydrazide, which dissolved as it reacted. The 
product often crystallised in good yield. Where chromatography was 
required, experimental details are given. 
3-For myl- 2-(E -2- ethoxycarbonylethenyl)thiophene to syihydrazone 
3-Formyl-2-(E-2-ethoxycarbonylethenyl)thiophene (2. 25 g, 0.011 
mole) was dissolved in ethanol (20 ml) and warmed to 45 °C, whereupon 
p- toluene sulphonylhydrazide (2.0 g, 0.011 mole) was added. No crystals 
were deposited after 24 hours. The ethanol was evaporated under 
reduced pressure to give a red oil (4. 25 g) which was chromatographed 
(silica, 75 vol % ether in petrol) to give white crystals. Recrystallisa-
tion gave 3-formyl- 2-(E- 2- ethoxycarbonylethenyl)thiophene tosylhydrazone 
(2.4 g, 60%) m.p. 138-139 0C (from ethanol) 
(Found: C, 53.9; H, 4.8; N, 7.4. C 17H18N 2S 204 requires C, 	. 0; 
H, 4.8; N, 7.4%) i. r. (Nujol) 3160 cm- 1 (N..}). 
3-Formyl- 2-(E- 2- ethoxycarbonyl- 2-methylethenyl)thiophene 
to $ ylhydrazone 
White crystals, 63%.  m.p. 147-148°C (from ethanol) 
(Found: C, 55. 1; H, 5. 1; N, 7. 1. C 18H 20 N 2S 204 requires C, 55. 1; 
H, 5. 1; N, 7. 1%) 	i. r. (Nujol) 3200 cm 	(N- H). 
3-F2rmyl- 2-(E - 2-b enzoylethenyl)thiophene to syihydrazone 
Pale orange crystals, 58%.  m. p. 192-194°C (decomp.) 
(from ethanol) (Found: C, 61.6; H, 4.5; N, 6.7. C 21 H18 N203 S 2 
requires C, 61.5; H, 4.4; N, 6.8%) i.r. (Nujol) 3190 cm- 
I 
 (N- H). 
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3- Formyl- 2-(E- 2-benzoyl- 2-methylethenyl)thiophene tosylhydrazone 
3- For myl- 2-( .- 2-benzoyl- 2-methylethenyl)thiophene (1. 2 g, 
0 
0. 005 mole) was dissolved in ethanol (10 ml) and warmed to 45 C, when 
p-toluene sulphonylhydrazide (0. 88 g, 0. 005 mole) was added. No 
crystals were deposited after 24 hours. The ethanol was evaporated 
under reduced pressure to give a dark green oil (2. 1 g) which was 
chromatographed (silica, 75 vol % ether in petrol) to give white crystals. 
Recrys tallisation yielded 3-formyl- 2-(E- 2-benzoyl- 2-methylethenyl)-
thiophene tosyihydrazone (1.19 g, 60%) m. p. 150-151 0C (from ethanol). 
(Found: C, 62.3; H, 4.8; N, 6.6. C 22H20 N203S 2 requires C, 62.3; 
H, 4.8; N, 6.6%) i.r. (Nujol) 3150 cm- ' (N-H). 
1- Formyl- 2-(E -2- ethoxycarbonylethenyl)benz ene tosyihydrazone 
White crystals, 71%. m.p. 117-118 °C (from ethanol) 
(Found: C, 61. 1; H, 5.4; N, 7.5. C 19 H20 N204S requires C, 61.3; 
H, 5.4; N, 7.5%) 	i. r. (Nujol) 3190 cm- 
1 
 (N- H). 
1 -For myl- 2-(E - 2-benzoylethenyl)benz ene tosylhydrazone 
White crystals, 69%.  m.p. 162-165°C (from ethanol) 
(Found: C, 68. 3; H, 5.0; N, 7.0. C 23H20N 203S requires C, 68. 3; 
H, 5.0; N, 6.9%) i.r. (Nujol) 3190 cm - ' (N- H). 
The following _toluenesu1phonylhydrazones were prepared by 
refluxing an ethanolic solution containing an equimolar amount of the 
ketone and p-toluenesulphonylhydrazine and a drop of concentrated 
hydrochloric acid, monitoring by t. 1. c. When the reaction was complete, 
the product usually crystallised in good yield on cooling. Where 
chromatography was required, experimental details are given. 
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20) 2-Acetyl-3-phenylthiophene tosyihydrazone 
1 Hour reflux gave white crystals (86%) m. p. 183. 5-184.5
0 
 C 
(from ethanol) (Found: C, 61. 7; H, 4.9; N, 7. 5. C 18 H18 N202S 2 
requires C, 61.6; •H, 4.9; N, 7.6%) i. r. (Nujol) 3185 cm- 
I 
 (N- H). 
21) 3-Acetyl 2-phenyithiophene tosylhydrazone 
1.5 Hour reflux gave white crystals (82%) m. p. 150-151 0C 
(from ethanol) (Found: C, 61. 5; H, 5. 0; N, 7. 5. C 18 H18 N 20 2S 2 
requires C, 61.6; H, 4.9; N, 7.6%) 	i. r. (Nujol) 3198 cm- 
1 
 (N- H). 
22) 1-Acetyl 2-(E- 2-methylethenyl)benz ene tosyihydrazone 
2 Hour reflux gave white crystals (76%) m. p.'  159-1620C (from 
ethanol). (Found: C, 66.0; H, 6.0; N, 8.6. C 18 H20 N 202S 
requires C, 65.8; H, 6.1; N, 8.5%) i.r. (Nujol) 3220 cm- ' (N- H). 
23) 1-Acetyl 2-(Z- 2-methylethenyl)benzene tosylhydrazone 
l-Acetyl-2-(2-methylethenyl)benzene (5 g, 0. 031 mole, ratio 
s-methyl : E-methyl 1:0.6) and - toluene sulphonylhydrazine (6 g, 
0. 031 mole) were refluxed in ethanol (80 ml), containing a drop of 
concentrated hydrochloric acid. The reaction was complete after 2 
hours. The solvent was evaporated under reduced pressure to give a 
red oil which was chromatographed (silica, 50 vol % ether in petrol) to 
give two white solids. These were recrystallised to give 
a) 1-ac etyl- 2-(Z- 2-methylethenyl)benzene tosylhydrazone (3. 71 g, 
35%) m. p.  127-1300C (from ethanol) (Found: C, 65.9; H, 6.2; 
N, 8. 5. C 18 H20 N 202S requires C, 65.8; H, 6. 1; N, 8.5%) 
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i. r. (Nujol) 3200 cm- 
1 
 (N- H). 
b) 1-acetyl-2-(E-2-methylethertyl)benzene tosyihydrazone (2. 54 g, 
24%) m. p.  159-1620C (from ethanol). 
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3 	PREPARATION AND DECOMPOSITION OF THE SODIUM 
SALTS OF THE TOSYLHYDRAZONES 
The sodium salts were prepared by the addition of the solid 
tosylhydrazone (ca 5% molar excess) to a solution of sodium ethoxide 
in super-dry ethanol. The solution was then stirred in the dark for 
0. 5 hour. In some cases, the sodium salt precipitated out at this 
stage. The ethanol was evaporated using a rotary evaporator under 
anhydrous conditions, and with a temperature below 45 °C. The sodium 
salt was then dried under high vacuum over phosphorous pentoxide for 
at least 12 hours in the dark. 
Freshly distilled dry solvent was added and the reaction mixture 
boiled under reflux, with stirring, under dry nitrogen in the dark. 
During the decomposition, small samples of the reaction mixture were 
withdrawn and shaken with water to hydrolyse any residual sodium 
salt, and extracted with ether. The ether layer was analysed for un-
reacted tosyihydrazone by t. 1. c., and the reaction continued until no 
tosylhydrazone remained. After cooling, the by-product of sodium 
toluene -4-sulphinate could be removed either by 
filtration of the reaction mixture through C elite, evaporation of 
the solvent giving the products 
pouring the reaction mixture into water, extracting with ether, 
drying and evaporating the ether extracts to give the products. 
1) 	2- Formyl- 3-(E- 2-phenylethenyl)thiophene tosyihydrazone 
The sodium salt was prepared from sodium (0. 115 g, 0.005 mole) 
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in super-dry ethanol (20 ml) and the tosyihydrazones (2. 04 g, 0. 0053 
mole). After the usual drying procedure, dry 1, 2-dimethoxyethane 
(80 ml) was added and the mixture refluxed for 70 minutes. Initially 
the solution turned deep red, then faded to give a yellow solution and a 
white precipitate of sodium toluene-4-sulphinate which was removed by 
filtration. The yellow filtrate was evaporated under reduced pressure 
to give a brown oil which was chromatographed (silica, 50 vol % ether 
in petrol) to give yellow crystals of 2-phenyl-5H-thieno[2, 3-d][1, 21-
diazepine (0.79 g, 65%) m. p. 117-119 °C (from propan-2-ol) 
(Found: C, 68.6; H, 4.35; •N, 12.3. C 13H10 N 2S requires C, 69.0; 
H, 4.45; N, 12.4%). 
1 	 13 
H N. m. r., 	C n. m. r. and mass spectra: see Appendix 4. 
2) 	3- Formyl- 2-(E- 2-phenylethenyl)thiophene to syihydrazone. 
The sodium salt was prepared from sodium (0.4 g, 0. 017 mole) 
in super-dry ethanol (20 ml) and the tosylhydrazone (6. 72 g, 0. 0176 mole). 
After the usual drying procedure, dry 1, 2- dime thoxyethane (180 ml) was 
added and the mixture refluxed for .30 minutes. The white precipitate 
formed was removed by filtration, and the yellow filtrate evaporated 
under reduced pressure to give a brown oil which was chromatographed 
(silica, 10 vol % ether in petrol) to give yellow crystals of 
4-phenyl-1H-thieno[3, 2-d][1, 2]diazepine (3.47 g, 87%) m. p. 76-77 0C 
(from propan-2-ol). (Found: C, 68.9; H, 4.4; N, 12.4. C 13 H10N2S 
requires C, 69.0; H, 4.4; N, 12.4%). 
N. m. r., 13C n. m. r. and mass spectra: see Appendix 4. 
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3) 	3-Formyl-4-(E- 2-phenylethenyl)thiophene to syihydrazone. 
a) 	Decomposition in 1, 2-dimethoxyethane 
The sodium salt was prepared from sodium (0. 06 g, 0. 0026 mole) 
in super-dry ethanol (20 ml) and the tosylhydrazone (1. 02 g, 0.0025 
mole). After the usual drying procedure, dry 1, 2- dim ethoxy ethane 
(40 ml) was added, and the mixture refluxed for 40 minutes. Initially 
a red colour developed, fading slowly to leave a yellow solution and a 
white precipitate which was removed by filtration. The yellow filtrate 
was evaporated under reduced pressure, giving a brown oil shown by 
t. 1. c. (silica, 15 vol % ether in petrol) to contain five components. 
Chromatography (silica, graded elution 5 vol % to 10 vol % ether in 
petrol) gave 
pale yellow crystals (0.18 g) m. p. 107-122 0C m/e 396 (100), 
305 (57), 271 (27), 227 (12), 197 (15), 165 (15), 115 (25). 	' H N.m.r. 
(CDC1 3 ) 6 6.44-7.50 (m) 
bis-3-formyl-4-(E-2-phenylethenyl)thiophene azine (0.08 g, 7%) 
m. p.  193-196°C (from ethanol), identical with an authentic sample. 
N. m. r. (C 6 D6 ): 6 7.08-7.86 (m, 18H, aromatic), 8.93 (s, 2H, 
CH=N). 
3-(2, 3- dimethoxypropyl)-4-(E- 2- phenyl ethenyl)thiophene (0. 21 g, 
27%) as a yellow oil, decomposing on attempted short-path distillation. 
(Found: m/e 288.116733. C 17H2002S requires 288.118394). 
N. m. r. (CDC1 3 ): '5 2.90 (d, J711z, propyl. 1 -CH 2), 3.30 (s, OM e), 
3. 38 (s, OMe) partly superimposed on 3. 62 (m, propyl CH and CH 2), 
6.96-7.60 (9H, m). 
m/e 288 (100), 243 (30), 211 (67), 200 (15), 199 (12), 197 (12), 
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185 (10), 184 (7), 165 (25). 
(iv) 3-[2-(2-methoxyethoxy) ethyl] -4-(E- 2-phenylethenyl)thiophene 
(0. 11 g, 14%) as a yellow oil. 
(Found: m/e 288.117285. C 17 H20 02S requires 288.118394). 
N.m. r. (CDC1 3): 62.99 (t, 37Hz, ethyl 1-CH2), 3.34 (s, OMe), 
3.45-3.65 (4H, m) partly superimposed on 3.70 (t, 37Hz, CH 
2) , 
 
6.93-7. 50 (9H, m). 	m/é 288 (100), 243 (4), 213 (26), 212 (51), 
211 (34), 200 (15), 199  (16), 197 (16), 184 (20), 165 (29). 
b) 	Decomposition in cyclohexene 
The sodium salt was prepared from sodium (0. 202 g, 0. 0082 
mole) in super-dry ethanol (40 ml) and the tosylhydrazone (3. 35 g, 
0. 0087 mole). After the usual drying procedure, dry cyclohexene 
(150 ml) was added, and the mixture refluxed under dry nitrogen for 
108 hours. The reaction mixture was filtered through C elite and the 
solvent removed in vacuo to give a yellow oil. This was chromatographed 
(silica, petrol) to give a clear oil which was short-path distilled giving 
g -  and endo-3-bicyclo[4. 1. 0]heptan- 7-yl-4-(E- 2-phenylethenyl)-
thiophene (2.2 g, 91%) b. p. 150 °C at 0.9 mmHg n 0 1.6500 
(Found: C, 81.4;.H, 7.0. C 19H20S requires C, 81.4; H, 7.2%). 
N. m. r. (CDC1 3): iS 0.73-2.15 (m, 11H, aliphatic), 6.68-7.50 (m, 
9H, olefinic, aromatic) m/e 280 (37); 189 (32); 106 (75); 105 (45); 
91(100). 
4) 	2- Formyl- 3- phenylthiophene tosylhydrazone 
a) 	Decomposition in 1, 2-dimethoxyethane 
The sodium salt was prepared-from sodium (0. 067 g, 0. 0029 mole) 
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in super-dry ethanol (15 ml) and the tosylhydrazone (1.02 g, 0.0028 
mole). After the usual drying procedure, dry 1, 2-dimethoxyethane 
(45 ml) was added, and the mixture refluxed under dry nitrogen for 20 
minutes. The reaction mixture was filtered through C elite and the 
solvent removed in vacuo to give a red oil which was chromatographed 
[silica, petrol] to give a highly unstable yellow oil. The spectral data 
gave evidence for a dimer of 3- phenyl- pent- 2- en-4 -yne- 1 - thiol (0. 20 
g, 41%) (Found: m/e 344-068835. C 22H 16 S 2 requires 344. 069340) 
N. m. r. (CDC1 3 ): 6  3. 55 (s, CC-H), 6.70-8. 02 (m, 7H) i. e. 
(liquid 3310 cm- 
1 
 (CRC-H' stretch), 2080 cm- 
1 
 (CC) 
m/e 344 (46); 312 (100); 311 (33); 188 (26); 187 (24); 80 (61); 
79 (77); 78 (51); 77 (90). 
The reaction was repeated on the same scale and the crude reaction 
product hydrogenated prior to work-up under 4 atmospheres hydrogen 
for 20 hours using 10% palladium on charcoal as catalyst. No 
identifiable product was isolated. 
b) 	Decomposition in cyclohexene 
The sodium salt was prepared from sodium (0. 067 g, 0. 0029 
mole) in super-dry ethanol (15 ml) and the tosylhydrazone'(l. 02 g, 
0. 0028 mole). After the usual drying procedure, dry cyclohexene 
(45 ml) was added and the mixture refluxed under dry nitrogen for 15 
minutes. The reaction mixture was filtered through C elite and the 
solvent removed in vacuo to give a red oil which was chromatographed 
(silica, petrol) giving three products. The first two of these were 
short-path distilled, giving, 
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exo-2-bicyclo[4. I. 0]heptan-7-yl-3-phenylthiophene (0.07 g, 
1 0%) b. p.  120°C at 0.8 mmHg. n ° 1.4055 (Found: m/e 254. 112175. 
C 17H 18 S requires 254.112917). 	1 HN.m.r. (CDC1 3): 6 0.60-1.98 
(m, 1OH, aliphatic), 2. 11 (t, J8Hz, lH,cyciopropane), 7.00-7.62 (rn, 
7H, aromatic). 
m/e 254 (100); 211 (16); 197 (28); 186 (25); 185 (72); 184 (25); 
173 (47); 171 (28). 
endo- 2-bicyclo[4. 1. 0]heptan- 7-  rl-3-phenylthiophene (0. 13 g, 
1 9%) b. p. 1200C at 0.8 mmHg. n 0 1.4061 (Found: C, 80.5; 
H, 6.8. C 17H 18S requires C, 80.3; H, 7.1%). 1 HN.m.r. (CDC1 3 ): 
5 0. 95-2. 12 (m, 11H, aliphatic. 
	6. 88-7. 55 (rn, 7H, aromatic) 
m/e 254 (100); 211 (17); 197 (30); 186 (28); 185 (73); 184 (33); 
173 (1.00); 171 (53). 
dimer of 3-phenyl 7 pent-2-en-4-yne-1-thia1 (0. 19 g, 3 9%), 
spectral data as (4a) above. 
5) 	2-Ac etyl- 3- phenyithiophene tosyihydrazone 
The sodium salt was prepared from sodium (0. 065 g, 0. 0028 
mole) in super-dry ethanol (25 ml) and the tosyihydrazone (1.02 g, 
0.0027 mole). After the usual drying procedure, dry 1, 2-dimethoxy-
ethane (45 ml) was added and the mixture refluxed under dry nitrogen 
for 4 hours. The reaction mixture was filtered, through Celite and the 
solvent removed in vacuo to give a black gum which was chromatographed 
[silica, petrol]. The only major component was a-highly unstable yellow 
oil. The spectral data showed evidence for a dimer of 3-phenyl-hex-2- 
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en-4-yne-1-thiol (0. 24 g, 48%) (Found: m/e 372. 681956. C 	
20 2 
 
requires 372. 682160) 	' H N. m. r. (CDC 1 3 ): 	1.87 (s, 3H, CH3 ), 
6. 74-7.68 (m, 7H) i. r. (liquid) 2210 cm 1 (C). 
m/e 372 (6); 340 (100); 325 (21); 310 (20); 292 (12); 211 (10); 
184 (14); 115 (16); 91 (16); 77 (16). 
6) 	3-Formyl- 2-phenyithiophene tosyihydrazone 
a) 	Decomposition in 1, 2-dimethoxyethane 
The sodium salt was prepared from sodium (0. 067 g, 0. 0029 mole) 
in super-dry ethanol (15 ml) and the tosylhydrazone (1.02 g, 0.0028 mole). 
After the usual drying procedure, dry 1, 2- dimethoxy ethane (45 ml) was 
added and the mixture refluxed under dry nitrogen for 10 minutes. The 
reaction mixture was filtered through Celite and the solvent removed in 
vacuo to give a red oil which was chromatographed (silica, 25 vol % ether 
in petrol) to give 2 compounds. 
(i) 	E-1, 2- Di(2-phenyl- 3- thienyl) ethylene (0. 19 g, 3 9%) white crystals 
m. p.  128. 5-130°C (from ethanol) (Found: C, 76.6; H, 4.7. 
C 22H16 S 2 requires C, 76. 7; H, 4. 7%) ' H N. m. r. (CDC1 3):6 7. 00- 
7. 52 (m) i. r. (Nujol) 1595 cm 1 . (CC). 
m/e 344 (10); 246 (5); 218 (12); 189 (10); 172 (100); 171 (100); 
145 (10); 139 (10). 
(ii) 3-Formyl-2-phenylthiophene azine (0. 19 g, 36%) yellow crystals 
m. p.  226-228°C (from carbon tetrachloride) (Found: C, 70.9; H, 4. 3; 
N, 7.8. C 22H16 N2S 2 requires C, 70.9; H, 4. 3; N, 7. 5%). 
N. rn. r. (CDC1 3 ): 6 7. 26 (d, J5Hz, thiophene H-4) 7.42 (b. s., 5H, 
phenyl), 7.68 (d, J5H, thiophene H-5) 8.62 (s, CH=N). 
224 
i. r. (Nujol) 1620 cm ' (C =N). 
m/e 372 (61); 371 (92); 186 (100); 171 (50). 
b) 	Decomposition in cyclohexene 
The sodium salt was prepared from sodium (0. 116 g, 0.005 mole) 
in super-dry ethanol (30 ml) and the tosylhydrazone (1.8 g, 0.0051 mole). 
After the usual drying procedure, dry cyclohexene (90 ml) was added, 
and the mixture refluxed under dry nitrogen for 30 minutes. The 
reaction mixture was filtered through Celite and the solvent removed in 
vacuo to give a red oil which was chromatographed (silica, 10 vol % 
ether in petrol) to give 
ex and endo- 3 -bicyclo[4. 1. 0]heptan- 7 -yl- 2-phenyithiophene 
(0.14g, 11%)  b.p. 1050C ato.5mmHg.. n ° 1.4089. 
(Found: C, 80.4; H, 7.1. C 17H 18 S requires C, 80.3; H, 7.1%). 
' H.N.m. r. (CDC 1 3 ): CS  0.51-2.05 (m, 11H, aliphatic), 6.56-7.72 (m, 
7H, aromatic). 
m/e 254 (100); 211 (13); 197 (16); 185 (33); 173 (83). 
E-1, 2-Di(2-phenyl-3-thienyl)ethylene (0.21 g, 24%) m. p. 130-
131 °C (from ethanol). 
3-Formyl-2-phenylthiophene azine (0. 12 g, 13%) m. p. 226-
228°C (from carbon tetrachloride). 
7) 	3-Acetyl-2-phenylthiophene tosyihydrazone 
a) 	Decomposition in 1, 2- dim ethoxy ethane 
The sodium salt was prepared from sodium (0 065 g, 0. 0028 mole) 
in super-dry ethanol (25 ml) and the tosyihydrazone (1.02 g, 0.0027 mole) 
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After the usual drying procedure, dry 1, 2- dim ethoxy ethane (45 ml) 
was added and the mixture reflu.xed under dry nitrogen for 0. 5 hour. 
The reaction mixture was filtered through C elite and the solvent removed 
in vacuo to give a pink oil which was chromatographed [silica, petrol] 
to give a clear oil. Short-path distillation of this oil yielded 
4-methyl-4-indeno-[1, 2-b]thiophene (0. 50 g, 92%) b. p.  1550C at 
0. 25 mmHg. n ° 1. 3915. 
(Found: C, 77.4; H, 5.5. C 12H10S requires C, 77.4; H, 5.4%). 
' H N. m. r. (CDC13): 6 1. 35 (d, J7Hz, -CH 3 ), 3:62 (q, J7Hz, H-4), 
6.83-7.41 (m, 6H, aromatic) 
m/e 186 (100); 171 (90). 
b) 	Decomposition in cyclohexene 
The sodium salt 'was prepared from sodium (0. 033 g, 0. 0014 mole) 
in super-dry ethanol (13 ml) and the tosyihydrazone (0. 5 g, 0. 0013 mole). 
After the usual drying procedure, dry cyclohexene (25 ml) was added 
and the mixture refluxed under dry nitrogen for 3 hours. The reaction 
mixture was filtered through C elite and the solvent removed in vacuo 
to give a pink oil. Chromatography [silica, petrol] was followed by 
short-path distillation to give 
4-methyl_4_indeno_[1, 2-b]thiophene (0. 21 g, 78%) with spectral 
properties identical to 7(a) above. 
8) 	3-Formyl- 2, 2 1 -bithienyl tosyihydrazone 
The sodium salt was prepared in the usual manner from sodium 
(0. 1955 g, 0. 0085 mole) and the tosyihydrazone (3. 1 g, 0. 0086 mole) 
and dried overnight. 
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a) 	Decomposition in 1, 2-dimethoxyethane 
The sodium salt (2 g, 0. 0052 mole) was added to dry 1, 2-di-
methoxyethane (90 ml) and the mixture refluxed under dry nitrogen for 20 
minutes. The reaction mixture was filtered through Celite and the 
solvent removed in vacuo to give a red oil shown by t. 1. c. (silica, 15 
vol % ether in petrol) to be multicomponent. Chromatography (silica, 
graded elution, petrol to 20 vol % ether in petrol) gave two identifiable 
compounds: 
4H-cyclopenta[1, 2-b: 3, 4-b ']dithiophene (0.09 g, 1 0%) M. P. 
71-73°C (from ethanol) (lit? 2  74-75°C) 
N.m.r. (CDC1 3): 6 3. 50 (s 2H, H-4), 6. 97(d, J5Hz, thiophene), 
7. 11 (d, J5Hz, thiophene). 
m/e 178 (100). 
3-Formyl-2, 2 1 -bithienyl azine (0. 162 g, 1 6%) yellow crystals 
m.p. 202-204 °C (from carbon tetrachloride). (Found: nile  383. 988337. 
C 18 H 12N 2S4 requires m/e 383.988334). 
N. in. r. (CDC1 3): 6 7. 02-7.71 (m, 5H), 8. 84 (s, CH=N). 
i.r. (Nujol) 1615 cm- ' (C =N). 
m/e 384 (35); 192 (62); 174 (100); 148 (15); 121 (30). 
b) 	Decomposition in cyclohexene 
The sodium salt (1 g,  0. 0026 mole) was added to dry cyclo-
hexene (45 ml) and the mixture refluxed. All starting material had 
disappeared after 0. 5 hour, but the reaction mixture remained a homo-
geneous deep red colour and was refluxed for a further 5 hours by which 
time the red colour had faded and a precipitate of sodium toluene-4- 
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suiphinate had appeared. Water (50 ml) was added, and the organic 
layer separated. The aqueous phase was extracted with ether and the 
combined organic phases washed with water (80 ml), dried, and the 
solvent evaporated under reduced pressure, giving an orange oil shown 
by t. 1. c. (silica, petrol) to contain two components. These were 
separated by chromatography, giving 
exo- and endo - 3-bicyclo[4. 1. 0]heptan- 7-yl- 2, 2' -bithienyl, 
(0. 3575 g, 53%) b. p.  920C at 0.3 mmHg. n ° 1.6431 (Found: 
C, 69.1; H, 6.0. C 15H 16 S 2 requires C, 69.2; H,  6.2%). 
N.m. r. (CDC1 3): 	0.40-2.05 (m, 11H, aliphatic), 6. 53 (d, J5Hz, 
2-thiophene H-4), 6. 92-7. 30 (m, 4H). 
m/e 260 (100); 227 (17); 217 (13); 203 (20); 191 (33); 179 (43); 147 (14). 
4H-Cyclopenta[l, 2-b; 3,4-b']dithiophene (0.05 g, 1 1%) m. p. 72-
74°C (from ethanol), spectral properties identical to 8a) (i) above. 
9) 	3-Formyl- 2-(E- 2- ethoxycarbonyl- 2- m ethyl eth enyl) thiophen e 
tosyihydrazone. 
a) 	Decomposition in 1,12- dim ethoxyethane 
The sodium salt was prepared from sodium (0. 064 g, 0. 0028 mole) 
in super-dry ethanol (25 ml) and the tosyihydrazone (1. 1 g, 0.0028 mole). 
After the usual drying procedure, dry 1, 2-dimethoxyethane(50 ml) was 
added and the mixture refluxed under dry nitrogen for 0.75 hour. The 
reaction mixture was filtered through Celite and the solvent removed in 
vacuo to give a red oil shown by t. 1. c. (silica, 50 vol % ether in petrol) 
to be multicomponent. Chromatography (silica, 50 vol % ether in 
petrol) gave only two identifiable compounds: 
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Z- 1, 2.- Di(E- 2- ethoxycarbon.yl- 2-methylethenyl- 3- thienyl) ethylene 
(0. 0868 g, 1 5%) n-i. p. 81-82°C (from ethanol) (Found: m/e 416. 112128. 
C 22H24 04 S 2 requires 416. 111593). ' H N. m. r. (CDC1 3): 6 1. 25 (t, 
J7Hz, ester CM 3 ), 2. 12 (d, Ji. 5Hz, CM 3 ), 4. 20 (q, J7 Hz, ester CH 2 ), 
6.70-7.86 (m, 4H). 
i. r. (Nujo] 1695 cm 	(C0) ester; 1610 cm- 1 (CC). 
m/e 416 (88); 297 (100); 269 (39); 254 (27); 241 (36); 147 (15); 
135 (27); 97 (7); 91 (7). 
E-1, 2- Di(E- 2- ethoxycarbonyl- 2-methylethenyl- 3- thienyl) ethylene 
(0. 0683 g, 1 2%) m. p. 150-1530C (from methanol) (Found: m/e 
416.112942. C 22H24 04S 2 requires 416. 111593). 	1 HN.m.r. (CDC1 3): 
6 1. 31 (t, J7Hz, ester CH 3), 2. 20 (d, J1. 5Hz, CM3 ), 4.30 (q, J7Hz, 
ester CM2), 6. 25-7. 21 (m, 4H). 
i. r. (Nujol) 1698 cm 1 (C=O) ester; 1605 cm- 
1 
 (C=C). 
m/e 416 (78); 401 (39); 297 (100); 269 (43); 254 (28); 241 (35); 
150 (35); 145 (30); 97 (6); 91(10). 
b) 	Decomposition in cyclohexene 
The sodium salt was prepared from sodium (0. 192 g, 0. 0083 mole) 
in super-dry ethanol (60 ml) and the tosylhydrazone (3. 3 g, 0. 0084 mole). 
After the usual drying procedure, dry cyclohexene (150 ml) was added, 
and the mixture refluxed under dry nitrogen for 3. 5 hours. The reaction 
mixture was filtered through C elite and the solvent removed in vacuo 
to give a yellow oil containing only one major component. Chromato-
graphy (silica, 10 vol % ether in petrol) was followed by short-path 
distillation to give 
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exo- and endo- 3-bicyclo[4, 1. 0]heptan- 7-yl- 2- LE - 2- ethoxycarbonyl- 2-
methylethenyl)thiophene (1.51 g, 62%) b. p. 110 °C at 0.5 mmHg. 
n 
20 
 1.6431. 	(Found: C, 70.5; H, 7.6. C 17 H 2202S requires 
C, 70.3; H, 7.6%). 	1 H N. m. r. (CDC1 3 ): 0.68-2. 95 (m, 17H, 
aliphatic), 4.40 (q, J7Hz, ester CH 2), 6. 75-8. 23 (m, 3H, thiophene + 
olefin H). 
i. r. (liquid) 1700 cm- 
I 
 (C=O) ester. 
m/e 290 (72); 217 (28); 209 (19); 193 (36); 189 (25); 161 (22); 
149 (36); 147 (28); 135 (47); 97 (25); 81(100); 80 (42). 
10) 3- Formyl- 2-(E - 2-benzoyl- 2-methylethenyl)thiophene tosyl-
hydraz one 
The sodium salt was prepared from sodium (0. 060 g, 0. 0026 
mole) in super-dry ethanol (40 ml) and the tosylliydrazone (1. 19 g, 
0. 0028 mole). After the usual drying procedure, dry 1, 2-dimethoxy-
ethane (45 ml) was added, and the mixture was refluxed under dry 
nitrogen for 1 hour. The reaction mixture was filtered through C elite 
and the solvent removed in vacuo to give a dark brown oil shown by 
t. 1. C. (silica, 50 vol % ether in petrol) to be multicomponent. This 
oil was subjected to gravity chromatography (alumina, 50 vol % ether 
in petrol), giving only one identifiable component: 
3-formyl- 2-(E- 2-benzoyl- 2-methylethenyl)thiophene azine (0. 0403 g, 
6%) m. p. 189-191 0C (from ethanol) (Found: m/e 508. 128800. 
C 30H24 N 202S 2 requires 508. 127913); 1 H N. m. r. (CDC1 3): 6 2. 37 
(d, J1.5. Hz, CH 3), 7.21-7.74 (m, 7Haromatic), 8.04 (q, J1.5Hz, 
olefin H), 8. 30 (s, CH=N). 
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i. r. (Nujol) 1630 cm 	(C0) 
m/e 508 (7); 403 (183); 254 (21); 151 (29); 150 (42); 105 (100). 
3- Fo rmyl- 2- (- 2- ethoxycarbonylethenyl)thiophene tosylhydrazine 
The sodium salt was prepared from sodium (0. 1095 g. 0. 0047 
mole) in super-dry ethanol (45 ml) and the tosylhydrazone (1. 8 g, 
0. 0047 mole). Alter the usual drying procedure, dry 1, 2-dimethoxy-
ethane (90 ml) was added, and the mixture was refluxed under dry 
nitrogen for 0. 5 hour. The reaction mixture was filtered through 
C elite and the solvent removed in vacuo to give a black oil which was 
chromatographed (silica, 50 vol % ether in petrol) to give yellow crystals of 
4- ethoxycarbonyl- 1- thieno[3, 2-d][1, 2]diaz epine (0. 81 g, 76%) m. p. 
103-104°C (from ethanol) (Found: m/e 222. 047024. C 10H10 N 202S 
requires 222. 046295). m/e 222 (54); 194 (16); 166 (12); 149 (16); 
135 (27); 122 (54); 122 (100); 77 (22); 69 (19); 45 (27). 
1 HN.m.r. spectrum: see Appendix 4. 
3-Formyl- 2- (E - 2-benzoylethenyl)thiophene to sylhydrazone 
The sodium salt was prepared from sodium (0. 060 g, 0. 0026 
mole) in super-dry ethanol (40 ml) and the tosylhydrazone (1. 08 g, 
0. 0026 mole). Alter the usual drying procedure, dry 1, 2-dimethoxy-
ethane (45 ml) was added, and the mixture refluxed under dry nitrogen 
for 0. 5 hour. The reaction mixture was filtered through C elite and 
the solvent removed in vacuo to give a green oil whose mass spectrum 
indicated polymeric products (M+> 700). 
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13) 1- Formyl- 2-(E- 2-phenylethenyl)benz ene tosyihydrazone 
The sodium salt was prepared from sodium (0.496 g, 0. 0215 
mole) in super-dry ethanol (100 ml) and the tosyihydrazone (8 g, 0. 0210 
mole). 
Decomposition in 1, 2- dimethoxy ethane 
After the usual drying procedure, dry 1, 2-dimethoxyethane (200 
ml) was added and the mixture refluxed under dry nitrogen for 15 minutes. 
The reaction mixture was filtered through Celite and the solvent removed 
in vacuo to give a yellow oil which was chromatographed (silica, 5 vol % 
ether in petrol) td give 




Decomposition in cyclohexane 
After the usual drying procedure, dry cyclohexane (200 ml) was 
added, and the mixture refluxed under dry nitrogen for 1 hour. 
Identical work-up to 13(a) above gave 4-phenyl-1H-2, 3-benzodiazepine 
(3.92 g, 83 %) m. p.  131-1320C (from ethanol). 
' HN.m.r. 	3c n.m.r. and mass spectra: see Appendix 8. 
14) 1-Formyl-2-(Z-2-phenylethenyl)benzene tosylhydrazone 
The sodium salt was prepared from sodium (0. 24 g, 0. 0105 mole) 
and the tosyihydrazone (4 g, 0.011 mole) in super-dry ethanol (100 ml). 
After the usual drying procedure, dry cyclohexane (200 ml) was added, 
and the mixture refluxed under dry nitrogen for 8 hours. Water (200 
ml) and ether (100 ml) were added. The organic layer was separated 
and dried, and the solvent evaporated under reduced pressure to give a 
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yellow oil, shown by t. 1. c. (silica, 5 vol % ether in petrol) to contain 
three components which were separated by chromatography (silica, 
5 vol % ether in petrol) to give 
1 -(cyclohexylmethyl)- 2-(Z- 2-phenylethenyl)benzene (0. 31 g, 1 0%) 
as a clear oil b. p. 200°C at 0.2 mmHg. n ° 1.1990 (Found: m/e 
276. 186736. C 21 H24 requires 276. 187792). 1 H N. m. r. and mass 
spectra: see Appendix 9. 
9-Cyc1ohepta[a]naphthalene (0. 86 g, 4 2%) as white needles 
m. p.  98-99°C (from ethanol) (Found: C, 93.6; H, 6. 2. C 15H12 
requires C, 93.7; H, 6.3%). 'H N.m.r. 13C n.m.r. and mass 
spectra: see Appendix 10. 
l-Formyl-2-(Z-2-phenylethenyl)benzene azine (0.61 g, 28%) as 
yellow crystals m. p.  138-139 
0
C (from ethanol). (Found: C, 87.6; 
H, 5.9; N, 6. 7. C 30 H24 N 2 requires C, 87.4; H, 5. 9; N, 6 . 8 %) 
i. r. (Nujol) 1610 cm 	(C =N). 
N. m. r. and mass spectra: see Appendix 11. 
15) 1 -Formyl- 2- (2, 2- diphenylethenyl)benzene tosyihydrazone 
The sodium salt was prepared from sodium (0. 152 g, 0. 0066 mole) 
and the tosyihydrazone (3 g, 0. 0066 mole) in super-dry ethanol (100 ml). 
After dryihg in. the usual manner, dry cyclohexane (150 ml) was added, 
and the mixture ref1uxed under dry nitrogen for 45 hours. Water (200 
ml) and ether (100 ml) were added. The organic layer was separated 
and dried, and the solvent evaporated under reduced pressure to-give a 
yellow oil, shown by t. 1. c. (silica, 50 vol % ether in petrol) to contain 
two components. These were separated by chromatography (silica, 
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graded elution 0 vol % to 50 vol % ether in petrol) which gave 
6- phenyl- 9H-cyclohepta[a]naphthalene (0. 84 g, 47%) as white 
crystals m. p. 98-99 °C (from ethanol) (Found: C, 94.0; H, 6. 1. 
C 21 H 16 requires C, 94.0; H, 6.0%). 1HN.m.r. 13C n.m.r. and 
mass spectra: see Appendix 10. 
1- Formyl- 2-( 2, 2- diphenylethenyl)b enz ene azine (0. 54 g, 2 9%) 
as yellow plates m. p.  188-190°C (from carbon tetrachloride) (Found: 
C, 89. 1; H, 5.6; N, 4.8. C 42H32N 2 requires C, 89. 3; H, 5. 7; 
N, 5.0%).  i. r. (Nujol) 1620 cm- 
1 
 (C =N). 
N. m. r. and mass spectra: see Appendix 11. 
16) 1- Formyl- 2-(2- methyl- 2, 2-phenylethenyl)benz ene to sylhydrazone 
The sodium salt was prepared from sodium (0. 118 g, 0.0051 mole) 
and the tosylhydrazone (2 g, 0. 0051 mole) in super-dry ethanol (50 ml). 
After drying in the usual manner, dry cyclohexane (100 ml) was added, 
and the mixture refluxed under dry nitrogen for 15 hours. Water (200 
ml) and ether (100 ml) were added. The organic layer was separated 
and dried, and the solvent removed in vacuo to give a pink oil, shown 
by t. 1. c. (silica, 5 vol % ether in petrol) to contain two components. 
These were separated by chromatography (silica, 5 vol % ether in 
petrol) giving 
6-methyl-9H-cyclohepta[a]naphthalene (0. 81 g, 76%) as a clear 
oil b.p. 200°C ato.3mmHg. n ° 1.2095. (Found: C, 93.0; H, 
7.0. C 16H 14 requires C, 93. 2; H, 6.8%). 1RN. m. r. 13C n. m. r. 
and mass spectra: see Appendix 10. 
1 -Formyl- 2-(2-methyl-Z- 2-phenylethenyl)benz ene azine (0. 12 g, 
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11%) as yellow crystals m. p. 211-213 °C (from ethyl acetate) (Found: 
C, 87.1; H, 6.4; N, 6.3. C 32H28 N 2 requires C, 87.2; H, 6.4; 
N, 6. 3%). 	i. r. (Nujol) 1615 cm- 
1 
 (C =N). 
N. m. r. and mass spectra: see Appendix 11. 
1- Formyl- 2- (2-methyl- E -2- phenylethenyl)benz ene tosyihydrazone 
The sodium salt was prepared from sodium (0. 059 g, 0. 0026 mole) 
and the tosylhydrazone (1 g, 0. 0026 mole) in super-dry ethanol (25 ml). 
After drying in the usual manner, dry cyclohexane (50 ml) was added, 
and the mixture refluxed under dry nitrogen for 7 hours. Water (100 
ml) and ether (100 ml) were added. The organic layer was separated 
and dried, and the solvent evaporated under reduced pressure to give 
a yellow oil containing only one major component. Chromatography 
(silica, 50 vol % ether in petrol) gave 
1 -formyl- 2-(2-methyl-E- 2- phenylethenyl)benz ene azine (0.45 g, 8 1 %) 
as yellow crystals, m. p. 173-174 °C (from ethyl acetate ) (Found: 
C, 87.3; H, 6.4; N, 6.3. C 32H28N 2 requires C, 87. 2; H, 6.4; 
N, 6. 3%).  i. r. (Nujol) 1620 cm- 
1 
 (C =N). 
1 
H N.m.r. and mass spectra: see Appendix 11. 
1- Formyl- 2-(2, 2- dime thyleth enyl)b enz ene tosyihydrazone 
The sodium salt was prepared from sodium (0. 21 g, 0. 0091 mole) 
and the tosyihydrazone (3 g, 0.0091 mole) in super-dry ethanol (120 ml). 
After the usual drying procedure, dry cyclohexane (150 ml) was added, 
and the mixture refluxed under dry nitrogen for 30 hours. Water (200 
ml) and ether (100 ml) were added. The organic layer was separated 
235 
and dried, and the solvent evaporated under reduced pressure to give 
a pink oil shown by t. 1. c. (silica, petrol) to contain 3 components 
which were separated by chromatography (silica, graded elution 0 vol 
% to 50 vol % ether in petrol). This procedure gave 
1 -(cyclohexylmethyl)- 2-(2, 2- dimethylethenyl)benz ene (0. 21 g, 
11%) as a colourless oil b. p. 85 0C at 0.2 mmHg n ° 1.1029 
(Found: C, 89.1; H, 10.8. C 17H 24 requires C, 89.4; H, 1 0.6%). 
' H N. m. r. and mass spectra: see Appendix 9. 
E-1, 2- Di(2, 2- dimethylethenyl- 1 -phenyl)ethylene (0.43 g, 4 0%) 
as white plates m. p. 52-54 °C (from ethanol) (Found: C, 91.7; H, 
8.6. C 22H24 requires C, 91.6; H, 8.4%) 	' HN.m.r. (CDC1 3 ): 
6 1. 65 (d, J1. 5Hz, Z-CH 3), 1.89 (d, Ji. 5Hz, E-CH 3), 6. 35 (m, 1H, 
olefinic), 6. 8 5-7. 78 (m, 5H, aromatic + olefinic) 
m/e 288 (100); 273 (10); 248 (24); 245 (54); 231 (36); 215 (18); 
206 (11); 145 (21); 129 (15); 128 (15); 115 (11); 105 (11); 91 (10). 
1-formyl-2-(2, 2-dimethylethenyl)benzene azine (0. 52 g, 38%) 
as yellow plates m. p.  122-123 0C (from ethanol) (Found: C, 83.8; 
H, 7.7; N, 8.7. C 22H24 N2 requires C, 83.5; H, 7.5; N, 8.8%). 
i. r. (Nujol) 1625 cm 	(C =N). 
N.m.r. and mass spectra: see Appendix 11. 
19) 1- Formyl- 2-(E- 2-methylethenyl)benz ene tosythydrazone. 
The sodium salt was prepared from sodium (0. 28 g, 0. 012 mole) 
and the tosylhydrazone (4 g, 0. 012 mole) in super-dry ethanol (100 ml). 
After drying in the usual manner, dry cyclohexane (200 ml) was added, 
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and the mixture refluxed under dry nitrogen for 1 hour. Water (200 ml) 
and ether (100 ml) were added. The organic layer was separated and 
dried, and the solvent removed in vacuo to give a yellow oil which was 
chromatographed (silica, 50 vol % ether in petrol) to give 
4-methyl-1H-2, 3-benzodiazepin.e (1. 51 g, 76%) m. p. 66-67 9C (from 
ethanol) (Found: C, 75.9; H, 6.4; N, 17.8. C 10 H10 N 2 requires 
C, 75. 9; H, 6.4; N, 17. 7%). 1 H N. m. r. 13C n. m. r. and mass 
spectra: see Appendix 7). 
20) 1- Formyl- 2-( 2, 2-methylethenyl)benz ene to sylhydrazone. 
The sodium salt was prepared from sodium (0. 315 g, 0.0136 mole) 
and the tosyihydrazone (4-31 g, 0.0135 mole) in super-dry ethanol (100 
ml)... After drying in the usual manner, dry cyclohexane (200 ml) was 
added, and the mixture refluxed under dry nitrogen for 10 hours. 
Water (200 ml) and ether (100 ml) were added. The organic layer 
was separated and dried, and the solvent evaporated under reduced 
pressure to give a pink oil shown by t. 1. c. (silica, 5 vol % ether in 
petrol) to contain 2 components. These were separated by chromatography 
(silica, 5 vol % ether in petrol) giving 
-cyclohexylm ethyl) - 2-(Z- 2-methylethenyl)benz ene (0.44 g, 
1 5%) as a colourless oil b. p.  800C at 0. 2 mmHg. n ° 1.1897 
(Found: m/e 214. 172025. C 16 H22 requires 214. 172142). 1 H N. m. r. 
and mass spectra: see Appendix 9. 
(ii) 	1-Formyl-2-(Z-2-methylethenyl)benzene azine (0.96 g, 49%) 
as a yellow oil b. p.  240°C at 0.2 mmHg. n 	1.5113 (Found: 
m/e 288. 161995. C 20 H20N 2 requires 288. 162641). 
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i. r. (Nujol) 1610 cm 	(C =N) 
' H N. m. r. and mass spectra: see Appendix 11. 
1-Acetyl-2-(E-2-methylethenyl)benzene tosyihydrazone. 
The sodium salt was prepared from sodium (0. 21 g, 0. 0091 mole) 
and the tosylhydrazone (3 g, 0. 0091 mole) in super-dry ethanol (100 ml). 
Alter drying in the normal manner, dry cyclohexene (150 ml) was 
added, and the mixture refluxed under dry nitrogen for 4 hours. Water 
(200 ml) and ether (100 ml) were added, the organic layer separated 
and dried, and the solvent removed in vacuo to give a yellow oil which 
was chromatographed (silica, 50 vol % ether in petrol) to give 
1,4-dimethyl-1H-2, 3-benzodiazepine (1.40 g, 89%)  b.p. 1850C at 
0.2mmHg. 
x40 
 1.5788. (Found: C, 76.9; H, 7.1; N, 16.4. 
C 11 H12N2 requires C, 76.7; H, 7.0; N, 1 6.3%). 
N. m. r. 
13 
 C  n.m. r. and mass spectra: see Appendix 7. 
1 -Acetyl- 2-(Z- 2-methylethenyl)benzene tosylhydrazone. 
The sodium salt was prepared from sodium (0. 133 g, 0. 0058 
mole) and the tosylhydrazone (1.9 g, 0.0058 mole) in super dry ethanol 
(70 ml). Alter drying in the usual manner, dry cyclohexane (100 ml) 
was added, and the mixture refluxed under dry nitrogen for 7 hours. 
Water (150 ml) and ether (100 ml) were added, and the organic layer 
separated and dried. Removal of solvent in vacuo gave a yellow oil 
which gave a single spot on t. 1. C. (silica, 10 vol % ether in petrol). 
Chromatography (as t. 1. c.) gave a clear oil which was analysed by 
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g.l.c. [3% OV1, 114°C] showing one major component with three minor 
impurities (< 1 0%). This material was short-path distilled to give 
2, 3-dimethylindene (0. 80 g, 80%) b. p.  850C at 0. 2 mmHg (lit), 91 
130°C at 30 mmHg) (Found: m/e 114. 093925. C 11 H 12 requires 
114. 093396). 1 H N. m. r. (CDC1 3 ). 2.05 (s, 6H, CH 3C=CCH3 ), 
3. 20 (br. s., Cl 2), 7. 21 (b r. s., C 
6 H 4 
 ) 
1- Formyl- Z-(E- 2- ethoxycarbonylethenyl)benz ene tosylhydrazone. 
The sodium salt was prepared from sodium (0. 185 g, 0. 008 mole) 
and the tosylhydrazone (3 g, 0. 008 mole). in super-dry ethanol (70 ml). 
After drying in the usual manner, dry 1, 2-dimethoxyethane (100 ml) 
was added, and the mixture refluxed under dry nitrogen for 1 hour. 
The reaction mix:ture was filtered through Celite and the solvent 
removed in vacuo to give a dark yellow oil, which was shown to be 
multicomponent (>20 products) by t. 1. c. (silica, 50 vol % ether in 
petrol). 
An attempted preparative separation (as t. 1. c.) gave no 
identifiable product. 
1 -Formyl- 2- (Z- 2-benzoylethenyl)benz ene tosylhydrazone. 
The sodium salt was prepared from sodium (0. 0569 g, 0. 0025 mole) 
and the tosylhydrazone (1. 0 g, 0. 0025 mole) in super-dry ethanol (25 ml). 
After drying in the usual manner, dry 1, 2- dimethoxy ethane (50 ml) was 
added, and the mixture refluxed under dry nitrogen for 1 hour. The 
reaction mixture was filtered through Celite and the solvent removed 
in vacuo to give a yellow polymeric solid. 
239 
4 	SYNTHESIS OF THIENO{4H-1, ZJDIAZEPINES AND 
BENZ 0[4H-  1, Z}DIAZEPINES 
These were prepared by the base-catalysed rearrangement of 
the corresponding thieno[3H-1, 2]diazepines and benzo[3H-1, 2]-
diazepines, in each case using sodium ethoxide as the base. All 
reactions were carried out in the dark to avoid light-induced isomeri-
s a tion. 
2-Phenyl- 1 H-thieno[2, 3- d][l, 2]diazepine 
2-Phenyl-5H-thieno[2, 3-d][1, 2]diazepine (0.4 g, 0.0017 mole) 
in 1, 2-dimethoxyethane (10 ml) was added to a solution of sodium 
ethoxide [from sodium (0.0403 g, 0. 0017 mole)] in ethanol (15 ml) 
and the solution was stirred at 40 °C for 2 hours when t. 1. c. (silica, 
30 vol % ether in petrol) showed that reaction was complete. 
Chromatography (silica, 30 vol % ether in petrol) gave a yellow solid 
(0. 323 g) which was crystallised to give 
2-phenyl-1-thieno[2, 3-d][l, 2]diazepine as white crystals (0. 295 g, 
74%) m. P. 133-134 0C (from ethanol) (Found: C, 68. 7; H, 4.4; 
N, 12. 2. C 13H10 N2S requires C, 69.0; H, 4.4; N, 12.4%) 
' H N. m. r. 13C n. m. r. and mass spectra: see Appendix 5. 
4-Phenyl- 5H- thieno[3, 2-d][1, 2]diazepine. 
4-Phenyl-1H-thieno[3, 2-dJ{1, 2]diazepine (3.0 g, 0.013 mole) 
in 1, 2- dim ethoxy ethane (30 ml) was added to a solution of sodium 
ethoxide [from sodium (0. 31 g, 0. 013 mole)] in ethanol (150 ml) and 
the solution stirred at 65 °C for 3. 5 hours when all starting material 
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had been consumed. Chromatography (silica, 50 vol % ether in 
petrol) gave 4-phenyl-5H-thieno[3, 2-d][1, 2]diazepine (1. 16 g, 39%) 
m. p.  124. 5-125. 5°C (from ethanol) (Found: C, 68.8; H, 4.5; N, 
12.3. C 13H10N 2S requires C, 69.0; H, 4.4; N, 1 2.4%). 
1 	 13 
H N. m. r. 	C n. m. r. and mass spectra: see Appendix 5. 
4-P henyl - 5H- 2, 3-benzodiaz epine 
4-Phenyl-1H-2, 3-benzodiazepine (8.17 g, 0.035 mole) was added 
to a solution of sodium ethoxide [from sodium (0. 86 g, 0. 035 mole)] 
in ethanol (250 ml) and the solution refluxed for 2 hours. The ethanol 
was evaporated under reduced pressure, benzene (200 ml) added, and 
the solution washed with water (2 x 100 ml), dried, and the solvent 
removed in vacuo. The residue was chromatographed (silica, 20 vol 
% ether in petrol) to give 
4-phenyl-5H-2, 3-benzodiazepine (4.6 g, 56%) m.p. 112-113 °C (from 
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ethanol) (lit., 108-110 C) HN.m.r. 	C n.m.r. and mass spectra: 
see Appendix 8. 
4-Methyl-5H-2, 3-benzodiazepine 
This was prepared by refluxing equimolar quantities of sodium 
ethoxide and 4-methyl-lH-2, 3-benzodiazepine in ethanol for 0.5 hours. 
Usual work-up yielded 4-methyl-5H-2, 3-benzodiazepine (61%) 
rn. p.  105-106 °C (from ethyl acetate). (Found: C, 75.9; H, 6.4; 
N, 17.8. C 10 H10 N 2 requires C, 75.9; H, 6.4; N, 17. 7%). 
N. m. r. 13C n.m. r. and mass spectra: see Appendix 8. 
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5) 	1, 4-Dimethyl-5H- 2, 3-benzodiazepine 
This was prepared in the usual manner from equimolar amounts 
of sodium ethoxide and 1,4-dimethyl-1H-2, 3-benzodiazepine in ethanol 
After refluxing for 0. 5 hours, usual work-up gave 1, 4-dirnethyl-5H-2, 3- 
0 
benzodiazepine (73%) m.p. 101-102 C (from ethanol). (Found: C, 
76.7; H, 7.1; N, 16.4. C 11 H12N2 requires C, 76.7; H, 7.0; N, 
16.3%). 1 HN.m.r. '3C n.m.r. and mass spectra: see Appendix 8. 
5. PHOTOLYSIS OF THIENO[4H-1, 2]DIAZEPINES 
Irradiation was carried out under nitrogen at 0 °C, through Pyrex, 
with a 100 watt Hanovia medium pressure lamp. The yields were 
essentially quantitative (t. 1. c. and ii. m. r.) and the products obtained 
by evaporation of the solvent under vacuum at room temperature and 
drying at ca 0. 1 mmHg were analytically pure; attempted recrystallisation 
from ethanol resulted in decomposition. 
2.-Phenyl- 5H- thieno[2, 3-d][1, 2]diazepine 
The diazepine (0. 2 g) in cyclohexane (60 ml) was irradiated for 
30 minutes to give 
4, 7b-dihydro-1-phenyldiazeto[1,4-a]thieno[3,  2-c]pyrrole (0. 1958 g, 
98%), m.p. 120-121.5 0C (Found: C, 68.7; H, 4.4; N, 12.2. 
C 13H10N2S requires C, .69.0; H, 4.4; N, 12.3%). 1 H N. m. r. and 
mass spectra: see Appendix 6. 
2-Phenyl-1H-thieno[3, 2-d][1, 2]diazepine. 
The diazepine (0. 155 g) in cyclohexane (110 ml) was irradiated 
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for 10 minutes to give 
2a, 6-dihydro- 2-phenyldiazeto[1, 4-a]thieno[2, 3-c]pyrrole (0. 151 g, 
97%) m. P. 94. 5-95. 50C (Found: C, 68.8; H, 4.4; N, 12.7. 
C 13H 10 N 2S requires C, 69.0; H, 4.4; N, 1 2. 3 %). 	HN.m.r. 
and mass spectra: see Appendix 6. 
6. ACYLATION REACTIONS OF THIENO[4H-1,  2]DIAZEPINES 
AND BENZO[4H-1, 2]D'FAZE PINES 
a) ACID-ANHjDRIDE ACYLATION OF THIENO[4H-1,  Z]DIAZEPINES 
1) 	Acetic anhydride acylation of 2-phenyl-1H- thieno[2, 3-d][1, 2]- 
diazepine. 
2- Phenyl- 1 H- thieno[ 2, 3-d][1, 2]diazepine (0. 23 g, 0.001 mole) 
was dissolved in dry pyridine (3 ml). Acetic anhydride (0. 6 ml, 0. 0063 
mole) was added dropwise with stirring under nitrogen in the dark, with 
immediate consumption of the starting material, as observed by t. 1. c. 
(silica, 80 vol % ether in petrol). The solution was poured into ice-
water (25 ml) and the product extracted with ether (3 x 25 ml). The 
ether solution was washed with water (2 x 50 ml), dried, and the solvent. 
evaporated under reduced pressure to give a brown oil. This was 
chromatographed (silica, 85 vol % ether in petrol) to give white crystals of 
phenyl 3-(2-formylthienyl)methyl ketone acetylhydrazone (0. 205 g, 
72%) m. p. 154-1550C (from ethanol) (Found: C, 62.8; H, 4.9; 
N, 9.8. C 15H14 N202S requires C, 62.9; H, 4.9; N, 9.8%). 
i. r. (Nujol) 1695 cm 	(CO) amide; 1660 cm 	(C=O). 
1 	 13 
HN.m.r. 	C n.m.r. and mass spectra: see Appendix 12. 
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Acetic anhydride acylation of 2-phenyl-1H-thienol2, 3-d][1, 2]- 
diaz epine with ethanol quenching. 
2-Phenyl-1H-thieno[2, 3-d][1, 2]diazepine (0. 23 g, 0.001 mole) 
was dissolved in dry benzene (3 ml). Acetic anhydride (0. 2 ml, 
0. 0021 mole) was added dropwise with stirring under nitrogen in the 
dark, with immediate consumption of the starting material. After 
stirring for 1 hour, super-dry ethanol (25 ml) was added, causing 
the appearance of a new, fast-running, major component of the reaction 
mixture (t. 1. c. : silica, 50 vol % ether in petrol). Removal of 
solvent in vacua gave a red oil which was chromatographed (conditions 
as t. 1. c.) to give 4-acetyl-5-ethoxy-2-phenyl-1H-thieno[2, 3-d][1, 2]-
diazepine as white prisms (0.16 g, 51%) m. p. 119-120 °C (from 
ethanol) (Found: C, 65. 1; H, 5.6; N, 8.9. C 17 H18 N202S 
requires C, 65.0; H, 5.8; N, 8.9%) i. r. (Nujol) 1665 crn ' (C =0). 
' HN.ni.r. 3C n.m.r. and mass spectra: see Appendix 13. 
Acetic anhydride acylation of 4-phenyl-5H-thieno[3, 2-d][1, 2]-
diazepine with ethanol quenching. 
4- Phenyl- 5- thieno[3, 2-d][1, 2]diazepine (0. 11 g, 0. 0005 mole) 
was dissolved in dry benzene (3 ml). Acetic anhydride (0. 1 ml, 
0. 001 mole) was added dropwise with stirring under nitrogen in the 
dark, with immediate consumption of the starting material. After 
stirring for 1 hour, super-dry ethanol (15 ml) was added, causing the 
appearance of a new, fast-running major component of the reaction 
mixture. Removal of solvent in vacua gave a brown oil which was 
chromatographed (silica, 50 vol % ether in petrol) to give 
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2-acetyl- 1 -ethoxy-4-phenyl- 5H-thieno[3, 2-d][1, 2]diazepine as white 
crystals (0. 05 g, 31%) m. p.  87-88 
0
C (from ethanol) (Found: 
C, 64.8; H, 5.7; N, 8.8. C 17 H 18 N 202S requires C, 65.0; H, 5.8; 
N, 8. 9%) 	i. r. (Nujol) 1670 cm 	(C =0). 
1 	 13 
H N. m. r. 	C n. m. r. and mass spectra: see Appendix 13. 
b) ACID ANHYDRIDE ACYLATION OF 4-PHENYL-5H-2,3-  
BENZ ODIAZE PINE 
1) 	Acetic anhydride acylation: water quenching 
4-Phenyl-5-2, 3-benzodiazepine (0. 22 g, 0.001 mole) was 
dissolved in dry pyridine (3 ml). Acetic anhydride (0. 6 ml, 0. 0063 
mole) was added dropwise, with stirring, under dry nitrogen in the 
dark. The mixture was stirred for 26 hours before pouring into ice-
water (25 ml) and extraction of the product with ether; (3 x 25 ml). 
The ether solution was washed with water (2 x 50 ml), dried, and the 
solvent evaporated under reduced pressure to give a brown oil which 
contained several components (t. 1. c. : silica, 80 vol % ether in 
petrol). The major component was separated by chromatography 
(silica, 60 vol % ether in petrol) giving white crystals of 
phenyl 2-formylbenzyl ketone acetylhydrazone (0. 118 g, 4 2%) 
m. p. 150-152°C (from 2-propanol) (Found: C, 72.9; H, 5.8; 
N, 9.9. C 17 H16 N 202 requires C, 72.9; H, 5. 8; N, 10. 0%). 
i. r. (Nujol) 1695 cm- 
I 
 (C0) amide; 1660 cm- 
1 
 (C0). 
HN.m.r. 13C n.m.r. and mass spectra: see Appendix 12. 
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2) 	Acetic anhydride acylation: ethanol quenching 
4-Phenyl-5H-2, 3-benzodiazepine (0. 22 g, 0. 001 mole) was 
dissolved in dry pyridine (3 ml). Acetic anhydride (0. 6 ml, 0. 0063 
mole) was added dropwise with stirring under nitrogen in the dark. 
After 10 minutes, super-dry ethanol (25 ml) was added, giving a single 
reaction product, as observed by t. 1. c. (silica, 80 vol % ether in 
petrol). The solvent was removed under high vacuum to give a clear 
green oil which was chromatographed (silica, 80 vol % ether in petrol) 
to give 2-acetyl-1-ethoxy-4-phenyl-5H-2, 3-benzodiazepine as a clear 
oil (0.25 g, 8 1 %) b. p. 1500C at 0.2 mmHg. n ° 1.3861 	(Found: 
C, 73.8; H, 6.6; N, 9. 3. C 19 H20 N20 2 requires C, 74.0; H, 6.5; 
N, 9.1%).  i.r. (liquid) 1670 cm 	(C0). 
1 	 13 
H N. m. r. 	C n. m. r. and mass spectra: see Appendix 14. 
3) Acetic anhydride acylation: methanol quenching 
4-Phenyl-5H-2, 3-benzodiazepine (0. 22 g, 0.001 mole) was 
dissolved in dry pyridine (3 ml). Acetic anhydride (0. 6 ml, 0. 0 . 063 
mole) was added dropwise with stirring under nitrogen in the dark. 
After 10 minutes, AR methanol (25 ml) was added, and the solvent' 
removed under high vacuum to give a clear green oil containing one 
major component, which was purified by chromatography (silica, 
80 vol % ether in petrol) giving 
2-acetyl- 1 -methoxy-4-phenyl- 5H- 2, 3-benzodiazepine as a clear oil 
(0.26 g, 88%) b. p. 1400C at 0.15 mmHg. n ° 1.4099 (Found: 
C, 73.3; H, 6. 2; N, 9.3. C 18 H 18 N 202 requires C, 73.4; H, 
6. 2; N, 9. 5%) 	i. r. (liquid) 1680 cm 	(CO). 
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N. m. r. '3C n. m. r. and mass spectra: see Appendix 14. 
Propionic anhydride acylation: methanol quenching 
4-Phenyl-5H-2, 3-benzodiazepine (0.22 g, 0.001 mole) was 
dissolved in dry benzene (5 ml). Propionic anhydride (0. 25 ml, 
0. 002 mole) was added dropwise with stirring under nitrogen in the 
dark. After 30 minutes, AR methanol (5 ml) was added, and the 
solvent evaporated under reduced pressure to give a clear oil containing 
only one major component by t. 1. c. (silica, 86 vol % ether in petrol). 
This was subjected to short-path distillation. Excess propionic 
anhydride was removed using conditions of 50 °C at 0. 1 mmHg. 
Raising the temperature to give distillation conditions of 140 °C at 
0. 15 mmHg gave 1 -methoxy-4 - phenyl- 2-propionyl- SF1- 2, 3-benzo-
diazepine as a clear oil (0. 2 g, 62%) b. p.  1400C at 0. 15 mmHg. 
n ° 1.4211 (Found: C, 73.9; H, 6.6; N, 9.1. C 19 H20 2 NO2 
requires C, 74.0; H, 6.6; N, 9. 1%) 	i. r. (liquid) 1675 cm 	(C =0). 
1 HN.m.r. 13C n.m.r. and mass spectra; see Appendix 14. 
Acetic anhydride acylation: phenol quenching 
4-Phenyl-5-2, 3-benzodiazepine (0. 22 g, 0.001 mole) was 
dissolved in dry benzene (3 ml). Acetic anhydride (0. 2 ml, 0. 0021 mole) 
was added dropwise, with stirring, under nitrogen in the dark. After 
1 hour, a solution of phenol (0. 6 g, 0. 0064 mole) in dry benzene (3 ml) 
was added, and the reaction mixture stirred for a further 20 minutes. 
Benzene (25 ml) was added, the solution washed with a solution of 
sodium bicarbonate (20% w/v, 2 x 50 ml), water (50 ml) and dried. 
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The solvent was removed in vacuo to give a green oil containing 
residual phenol which was removed by chromatography (silica 50 vol 
% ether in petrol). Further elution yielded white crystals of 2-
acetyl- 1 -phenoxy-4-phenyl- 51-1-2, 3-benzodiaz epine (0. 33 g, 92%) 
m.p. 115.5-116.5°C (from ethanol) (Found: C, 77.3; H, 5.6; 
N, 7.8. C 23H20 N 202 requires C, 77.5; H, 5.7; N, 7 . 8 %) 
i. r. (Nujol) 1670 cm- 
1 
 (C =0) 
1 HN.m.r. 13c n.m.r. and mass spectra: see Appendix 14. 
6) 	Acetic anhydride acylation: ethane thiol quenching 
4-Phenyl-5H-2, 3-benzodiazepine (0.44 g, 0. 002 mole) was 
dissolved in dry benzene (10 ml). Acetic anhydride (0.4 ml, 0.0042 
mole) was added dropwise, with stirring under nitrogen in the dark. 
After 1 hour, ethane thiol (5 ml) was added, giving a new, fast-
running major product as observed by t. 1. c. (silica, 80 vol % ether 
in petrol). Removal of solvent in vacuo gave a clear oil with signs 
of solidification. This was chromatographed (silica, 80 vol % ether 
in petrol) to give 
2-acetyl-4-phenyl- 1 -thioethyl- 5- 2, 3-benzodiaz epine (0.40 g, 
62%) as a yellow oil b. p.  190°C at 0.4 mmHg. n ° 1.4001 (Found: 
C, 70.6; H, 6.2; N, 8.8. C 19H20 N20S requires C, 70.4; H, 6.2; 
N, 8.6%) i. r. (liquid) 1675 cm- 
I 
 (C =0). 
1 	 13 
H N. m. r. 	C n. m. r. and mass spectra: see Appendix 14. 
Further elution with dichioromethane yielded 
l-phenyl-1-(2-formyl)benzylketone acetyihydrazone (0. 17 g, 
30%) m. p.  150-1520C (from ethanol) by hydrolysis on the column. 
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Acetic anhydride acylation: Thiophenol quenching. 
4-Phenyl-5H-2, 3-benzodiazepine (0.44 g, 0.002 mole) was 
dissolved in dry benzene (10 ml). Acetic anhydride (0.4 ml, 0.0042 
mole) was added dropwise, with stirring, under nitrogen in the dark. 
After 1 hour, thiophenol (2 ml) was added, giving a new, fast-running 
major product (t. 1. c., silica, 30 vol % ether in petrol). Excess 
thiophenol was removed by short-path distillation (50 0C at 0.4 mmHg) 
giving a clear oil. This material still contained thiophenol, which 
was removed by chromatography (silica, 50 vol % ether in petrol). 
Further elution gave a clear oil, which was short-path distilled to 
give 
2-ac etyl-4- phenyl- 1-thiophenyl-5H-2, 3-benzodiazepine (0.55 g, 74%) 
b. p. 150°C at0.l5mmHg. n ° 1.4258 (Found: C, 74.0; H, 5.4; 
N, 7.5. C 19 H20 N 202 requires C, 74.2; H, 5.4; N, 7.5%) 
i. r. (liquid) 1682 cm 	(C =0) 
1 	 13 
H N. m. r. 	C n. m. r. and mass: spectra: see Appendix 14. 
Acetic anhydride acylation: attempted trapping of intermediate 
4-Phenyl-5H-2, 3-benzodiazepine (0.22 g, 0.001 mole) was 
dissolved in dry benzene (5 ml). Acetic anhydride (0. 2 ml, 0. 002 
mole) was added dropwise, with stirring, under nitrogen in the dark, 
and the reaction mixture stirred for 30 minutes. 
Dim ethylacetylenedicarboxylate (0. 125 ml, 0.001 mole) and 
triethylamine (0. 14-ml, 0.001 mole) were then added dropwise in the 
above order. Removal of solvent in vacuo gave an orange oil which 
was chromatographed to give 
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unreacted dimethylacetylene dicarboxylate (0. 1 g) 
1 -phenyl- 1 -(2-formyl)benzyLketone acetyihydrazone (0. 18 g. 
64%) M.P. 150-1520C (from 2-propanol). 
9) 	Acetic anhydride acylation: hydrogen chloride quenching 
4-Phenyl-5H-2, 3-benzodiazepine (0.105 g, 0.00023 mole) was 
dissolved in dry benzene (1 ml). Acetic anhydride (0. 1 ml, 0. 001 
mole) was added dropwise, with stirring, under nitrogen in the dark, 
and the reaction mixture stirred for 10 minutes. An aliquot was taken 
and quenching in super-dry ethanol (10 ml), and t. 1. c. (silica, 80 vol 
% ether in petrol) indicated the reaction to have gone to completion. 
The reaction mixture was now quenched by the addition of a 0. 29 molar 
solution of hydrogen chloride in benzene (1 ml, 0. 00029 mole). After 
stirring for a further 10 minutes, a white precipitate (0. 07 g) had 
been deposited, which was recrystallised to give 2-acetylirnino-3-
phenylisoquinolinium hydrochloride (0. 04 g, 60%) as white needles 
M.P. 249-252°C (from ethanol) i. r. (Nujol) 3450 cm ' (N-H): 
1695 cm- 
I 
 (C=O). See also experiment c) 1) below. 
c) ACID CHLORIDE ACYLATION OF 4-PHENYL-5H-2,3- 
BENZ ODIAZEPINE 
1) 	Acetyl chloride acylation in benzene 
4-Phenyl-5H-2, 3-benzodiazepine (0. 22 g, 0.001 mole) was 
dissolved in dry benzene (3 ml). Acetyl chloride (0. 2 ml, 0. 0028 mole) 
was added with stirring under nitrogen in the dark, causing the 
immediate deposition of a white precipitate, the reaction having gone 
to completion as indicated by t. 1. c. (silica, 50 vol % ether in petrol) 
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with the appearance of a new, strongly-retained spot at the origin. 
The precipitate (0. 29 g), which was only sparingly soluble in 
common organic solvents and in water, was extracted into methanol 
(30 ml) during 1 hour, using a soxhiet apparatus. The methanol was 
evaporated under reduced pressure to give a white solid which was 
recrystallis ed to give 2-ac etylimino- 3- phenylisoquinolinium hydro-
chloride (0.20 g, 6.7%) as white needles m. p. 252-254 °C (from 
ethanol) (Found: C, 68.4; H, 4.9; N, 9.3. C 17 H 15N20C1 requires 





H N. m. r. and mass spectra: see Appendix 15. 
Benzoyl chloride acylation in benzene. 
4-Phenyl-5-2, 3-benzodiazepine (0. 22 g, 0.001 mole) was 
dissolved in dry benzene (3 ml). Benzoyl chloride (0. 3 ml, 0. 0025 
mole) was added with stirring under nitrogen in the dark, causing 
the immediate deposition of a white precipitate. This was removed 
by filtration and recrystallised to give white crystals of 
2-benzoylimino- 3-phenylisoquinolinium hydrochloride (0. 32 g, 89%) 
m.p. 235-238°C (from ethanol) (Found: C, 73.0; H, 4.6; N, 7.6. 
C 22H17N 20C1 requires C, 73. 2; H, 4. 7; N, 7 .8%) 
i. r. (Nujol) 3350 cm- 
1 
 (N-H); 1675 cm- 
1 
 (C0). 
' H N. in. r. and mass spectra: see Appendix 15. 
Benzoyl chloride acylation in benzene: ethanol quenching 
4-Phenyl-5H-2, 3-benzodiazepine (0. 22 g, 0.001 mole) was 
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dissolved in dry benzene (3 ml). Super-dry ethanol (10 ml) was added 
with stirring under nitrogen in the dark, followed by benzoyl chloride 
(0. 3 ml, 0. 0025 mole). No precipitate was observed, but t. 1. c. 
(silica, 50 vol % ether in petrol) indicated that the reaction had gone 
to completion, with the formation of a product retained at the origin. 
The solvents were evaporated from the reaction mixture under reduced 
pressure to give a white solid which was recrystallised to give white 
crystals of 2-benzoylimino-. 3-phenylisoquinolinium hydrochloride 
(0. 28 g, 78%) m. p.  235-238°C (from ethanol). 
2)c). Benzoyl chloride acylation in pyridine: ethanol quenching 
4-Phenyl-5H-2, 3-benzodiazepine (0. 22 g, 0.001 mole) was 
dissolved in dry pyridine (3 ml) and cooled to -20 0C. Benzoyl 
chloride (0. 3 ml, 0. 0025 mole) was added with stirring, and the 
reaction mixture stirred for a further 30 minutes. Super-dry ethanol 
(25 ml) was then added to quench the reaction. The starting material 
was completely consumed, with the formation of two new products, 
one fast-running, one. retained at the origin (t. 1. c. ; silica, 50 vol % 
ether in petrol). The solvent was removed under high vacuum to give 
a yellow semi-solid which was chromatographed (silica, 50 vol % ether 
in petrol) to give 
2-benzoyl- 1- ethoxy-4-phenyl- 5H- 2, 3-benzodiazepine (0. 26 g, 7 0%) 
m. p. 126-127. 5°C (from ethanol) (Found: C, 78.0; H, 5.9; N, 7.4. 
C 22H22N202 requires C, 77. 8; H, 6. 0; N, 7. 6%) 




' H N. m. r. and mass spectra: see Appendix 14. 
The residue which remained on the pre-column after elution 
was extracted into refluxing ethanol (70 ml). The solvent was evaporated 
under reduced pressure to give a white solid which recrystallised to 
give 
2-benzoyl imino- 3-phenylisoquinolinium hydrochloride (0. 05 g, 1 3%) 
M. p. 225-228°C (from ethanol) i. r. (Nujol) 3350 cm- 
1 
 (N-H); 
1675 cm 	(C0). 
4-Nitrobenzoyl chloride acylation in benzene 
4-Phenyl-5-2, 3-benzodiazepine (0. 22 g, 0.001 mole) was 
dissolved in dry benzene (3 ml). A solution of freshly-prepared 
4-nitrobenzoyl chloride (0.42 g, 0.0025 mole) in dry benzene (3 ml) 
was added with stirring under nitrogen in the dark, causing the immediate 
deposition of a white precipitate. After stirring for a further 10 minutes, 
the precipitate was filtered off and recrystallised to give white crystals 
of 2- (4-nitrobenzoyl)imino - 3-phenylisoquinolinium hydrochloride 
(0.34 g, 84 %) m. p. 209-211 °C (from ethanol) (Found: C, 64.9; 
H, 4. 0; N, 10. 3. C 22H 16 N 3 03C1 requires C, 65. 1; H, 4. 0; N, 
10. 3%)  i. r. (Nujol) 3420 cm- 
1 
 (N-H); 1685 cm- 
1 
 (C =0) 
' H N. rn. r. and mass spectra: see Appendix 15. 
Methylchloroformate acylation in benzene 
A solution of 4-phenyl-5H-2, 3-benzodiazepine (0. 22 g, 0. 00 1 mole) 
in dry benzene (10 ml) was added dropwise with stirring over 1 hour to 
rnethylchloroformate (0. 1 ml, 0.012 mole) under nitrogen in the dark. 
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A white precipitate was deposited, and t. 1. C. (silica, 80 vol % 
ether in petrol) indicated this to be the only product, retained at the 
origin. The precipitate was removed by filtration and recrystallised 
to give white crystals of 2-(methoxycarbonyl)imino-3-phenyliso-
quinolinium hydrochloride (0.28 g, 88%) m. p. 213-215 0C (from 
ethanol) (Found: C, 64.7; H, 4.8; N, 8.7. C 17 H15 N 202C1 
requires C, 64.8; H, 4.8; N, 8 .9%). 
i. r. (Nujol) 3500 cm 	(N-H); 1734 cm 	(C=O) ester 
1 HN.rn.r. and mass spectra: see Appendix. 15. 
5) 	Ethylchloroformate acylation in benzene 
A solution of 4-phenyl-5H-2, 3-benzodiazepine (0.44 g, 0.002 
mole) in dry benzene (20 ml) was added dropwise with stirring over 
1 hour to ethyichioroformate (2 ml, 0. 02 mole) under nitrogen in the 
dark. The reaction mixture was then stirred overnight, with 
deposition of a precipitate which t. 1. c. (silica, 80 vol % ether in 
petrol) indicated to be the only product, retained at the origin. The 
precipitate was removed by filtration and recrystallised to give white 
crystals of 2-(ethoxycarbonyl)imino- 3-phenylisoquinolini.urn hydrochloride 
(0.50 g, 85%) m. p. 185-188 0C (from 2-propanol) (Found: C, 65.6; 
H, 5.0; N, 8.4. C 18 H 17 N 202C1 requires C, 65.7; H, 5.2; N, 8.5%) 
i. r. (Nujol) 3400 cm ' (N-H); 1730 cm ' (C0) ester. 
1 HN.m.r. and mass spectra: see Appendix 15. 
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6) 	4- Toluene sulphonyl chloride acylation in benzene. 
A solution of 4-phenyl-5-2 3-benzodiazepine (0.44 g, 0.002 
mole) in dry benzene (20 ml) was added dropwise with s'tirring over 
1 hour to a solution of 4 -toluene suiphonyl chloride (2.4 g, 0.0125 mole) 
in dry benzene (20 ml) under nitrogen in the dark. The reaction 
mixture was then refluxed for 8 hours before removal of the precipitate 
by filtration. This was recrystallised to give 
2- (4- toluenesulphonyl)imiflo 3- phenylisoquinolinium hydrochloride 
(0. 51 g, 62%) m. p. 219-220°C (dec.) (from ethanol) (Found: 
C, 64. 1; H, 4.7; N, 6.7. C 22H19N 202SC1 requires C, 64.3; 
H, 4.7; N, 6.8%) 
i. r. (Nujol) 3400 cm ' (N-H); 1335 cm- 
1 
 (SO 2 asymmetric); 
1170 cm 
1 
 (SO 2 asymmetric). 
H N. m. r. and mass spectra: see Appendix 15. 
d) DEUTEROMETHANOL QUENCHING 
1) Acetic Anhydride Acylation 
4-Phenyl-5H-2, 3-benzodiazepine (0. 22 g, 0.001 mole) was 
dissolved in dry pyridine (5 ml). Acetic anhydride (0. 2 ml) was 
added dropwise with stirring under nitrogen in the dark. After 
0. 5 h, d 1 -methanol (0. 5 ml) was added, giving a single reaction 
product, as observed by t. 1. c. (silica, 80 vol % ether in petrol). 
The solvent was evaporated under reduced pressure giving a yellow 
oil which was short-path distilled to yield 2-acetyl-1-methoxy-4-
phenyl-5H-2, 3-benzodiazepine as a clear oil (0. 24 g, 83%). 
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2) Benzoyl Chloride Acylation 
4-Phenyl-5H-2, 3-benzodiazepine (0. 22 g, 0. 001 mole) was 
dissolved in dry pyridine (5 ml). Benzoyl chloride (0.3 ml) was 
added with stirring under nitrogen in the dark. Alter 0. 5 h, d 1 -
methanol (0. 5 ml) was added, and the reaction mixture stirred for 
a further 5 minutes. The solvent was removed under reduced 
pressure, and the residue, a yellow oil, was short-path distilled to 
give a clear oil, shown to be 
2-benzoyl- 1methoxy-4-phenyl- 5D- 2, 3-benzodiaz epine (0. 22 g, 6 4 %) 
b. p. 220°C at 0.2 mmHg, M+ 358, 
n. m. r. (CDC1 3): 6 3.49 (s, OCH3), 6.98 (s, Cli), 7.0-7.6 (in, 14H); 
13 C n.m.r. (CDC1 3): 55.8 (OCH 3), 86.4 (C-i), 126. 3, 127.2, 128.0,. 
128. 3, 128. 8, 129.1, 129.1, 129.4, 129. 9, 134. 2, 126.6 (tert.), 
127.4 (tert), 134.6 (tert.), 135.6 (tert.), 139.2 (CN), 172.6 (C =N). 
When AR methanol was utilised in place of d 1 -methanol in an identical 
experiment, the compound isolated by distillation was 
2-benzoyl-1-methoxy-4-p4enyl-5H-2, 3-benzodiazepine (0. 2 g; 58%) 
b. p.  220°C at 0. 2 mmHg. 
Ml- 356, 1 Hn.m.r. (CDC1 3): 53.49 (s, OCH3), 3.89 '
5
A' AB 15Hz), 
4.84 6 
B i A.B 
 15Hz), 6.98 (s, CH), 7.0-7.6 (m, 14Hz) 
13 C n.m.r. (CDC1 3): 36.2 (C-5), 55.9 (OCH 3), 86.4 (C- 1), 126.4, 
127.2, 128.1, 128.3, 128.8, 129.1, 129.4, 129.9, 134.2, 149.0, 126.7 
(tert.), 127.7 (tert.), 134.6 (tert.), 135.6 (tert.), 139. 2 (C=N), 
127.7 (C=O). 
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7. PREPARATION AND REACTIONS OF 3-PHENYLISOQUIN-
OLINIUM BETAINES 
A 	Preparation of N- substituted- imino- 3-phenylisoguinoliniui-n 
be tam e s 
N. m. r., 13C n. m. r. and mass spectra of all title compounds 
are recorded in Appendix 16. 
The following betaines were prepared by dissolving the corres-
ponding hydrochloride salt in the minimum amount of water, and addition 
of an excess of an aqueous solution of sodium hydroxide (2M). The 
precipitate produced was filtered off and recrystallised to give 
L) 	2-B enzoylimino -3- phenylisoguinoliniuni betaine 
White crystals (85%) m. p. 182-1830C (from ethyl acetate) 
(Found: C, 81.3; H, 4.8; N, 8.7. C 22H 16N 20 requires C, 81.5; 
H, 4. 9; N, 8. 6%) i. r. (Nujol) 1600 cm 	(C =0). 
2-(4 -Nitrobenzoyl)imino - 3-phenylisoguinolinium betaine 
Yellow crystals (78%) m. p.  202-203°C (from ethanol) (Found: 
C, 71. 5; H, 4.1; N, 11. Z. C 22H 15 N3 03 requires C, 71.5; H, 4.1; 
N, 11.4%) i. r. (Nujol) 1562 cm (C0). 
2- (M ethoxycarbonyl) imino -3- phenylis oquinoliniuni b etaine 
White crystals (86%) m. p. 179-1800C (from ethanol) (Found: 
C, 73.6; H, 5. 1; N, 9.9. C 17 H 14 N 202 requires C, 73.9; H, 5. 1; 
N, 10. 1%) ir (Nujol) 1630 cm- 1 (C=0). 
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The following betaine were prepared by dissolving the corres-
ponding hydrochloride salt in the minimum amount of water [or ethanol 
in the case of (6)] and addition of an excess of an aqueous solution of 
sodium hydroxide (ZM). The solution was extracted with dichioro-
methane, washed with water, dried, and the solvent removed in vacuo 
to give a solid which was recrystallised to give 
1-Ac etylimino -3- phenylisoquinolinium b etaine. 
White crystals (84%) m. p.  88-890C (from ethyl acetate) (Found: 
C, 78.0; H, 5.6; N, 10.4. C 17 H 14 N20 requires C, 77.8; H, 5.8; 
N, 10. 7%) i. r. (Nujol) 1560 cm 1 (C0). 
2- (Ethoxycarbonyl)imino - 3-phenylisoguinolinium betaine 
White crystals (74%) m. p. 140-141 0C (from ethyl acetate) (Found: 
C, 73.8; H, 5. 5; N, 9. 5. C 18 H16 N 202 requires C, 74.0; H, 5. 5; 
N, 9.6%) i. r. (Nujol) 1632 cm ' (C =0). 
2- (4- Toluenesulphonyl)imino- 3- phenylisoquinolinium betaine 
White crystals (79%) m. p.  219- 2200 C (from methanol) (Found: 
C, 7. 7; H, 4.9; N, 7.4. C 22H18 N202S requires C, 70.6; H, 4.9; 
N, 7. 5%) i. r. (Nujol) 1275 cm- 
1 
 (SO2 asymmetric); 1140 cm- 1 
(SO 2 symmetric). 
B 	Reactions of 2-ac etylimino - 3-phenylisoguinolinium betaine 
1) 	1, 3-Dipolar cycloaddition with N-phenylmaleimide 
2-Ac etylimino-3-phenylisoquinolinium betaine (0. 1 g, 0.0004 mole) 
2.58 
and N-phenylmaleimide (0. 07 g, 0. 0004 mole) were dissolved in dry 
xylene (5 ml) and boiled under reflux for 2 hours when t. 1. c. (silica, 
50 vol % ethyl acetate in methanol) indicated complete reaction with 
formation of a single product. On cooling to room temperature, light 
yellow crystals were deposited, which were recrystallised to give the 
cycloadduct as white crystals (0. 14 g, 82%) m. p.  243-244 0C (from 
ethanol) (Found: C, 74.4; H, 4.9; N, 9.6. C 27 H 21 N 303 requires 
C, 74.5; H, 4.9; N, 9. 6 %). 
i. r. (Nujol) 1725 cm- 
1 
 (C=O); 1688 cm- 
1 
 (C0). 
1 	 13 
H N. m. r., 	C n. m. r. and mass spectra: see Appendix 17. 
2) 	Attempted intermolecular 1, 3-dipolar cycloaddition 
2-Ac etylimino-3-phenylisoquinolinium betaine (0. 2 g, 0.008 mole) 
was dissolved in dry xylene (5 ml) and boiled under reflux for 29 hours 
when t. I. c. (silica, 50 vol % ethyl acetate in methanol) indicated the 
reaction to be complete. Examination of the reaction mixture under 
less polar t. 1. c. conditions indicated a complex mixture, but with a 
single major product which was separated by chromatography (as t. 1. c.; 
silica, 20 vol % ether in petrol) to give 3-phenylisoquinoline (0. 065 g, 
0 	 '9' 	 o 
41%) m. p. 101-103 C (from ethanol) (lit., 102.5-103.5 C). 
N.m. r. (CDC1 3) 7. 35-8.30 (m, llH, aromatic), 9. 35 (s, H- 1), 
m/e 205 (100). 
8. PREPARATION OF AUTHENTIC SAMPLES 
1) 	3-Formyl-4-(E - 2-phenylethenyl)thiophene azine 
3-Formyl-4-(E-2-phenylethenyl)thiophene (0. 32 g) was dissolved 
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in ethanol (3 ml) and heated to 50 0C. Hydrazine hydrate (0. 17 g) 
was added, followed by one drop of concentrated hydrochloric acid. 
A yellow solid was deposited, and was recrystallised from ethanol 
to give the azine (0. 21 g, 6 7 %) m. p.  195-1970C (Found: C, 73. 3; 
H, 4.6; N, 6.5. C 26 H 20 N2S 2 requires C, 73. 6; H, 4.7; N, 6.6%). 
' H N. m. r. (C 6 D6 ) 7.08-7.86 (18H, m, aromatic) 8.93 (s, 2 x CHN). 
2) 	2- Benzoylimino- 3- phenylisoquinolinium betaine 
3-Phenylisoguinoline 
This was prepared in a five stage process from o-tolunitrile by 
the method of Bradsher and Walli1s9ln 21% yield. m. p.  100. 5-101 ° C 




This was prepared by the method of Carpino and Giza '95in a 
three stage process from 1-butylphenylcarbonate in 64% yield. M. P. 
56-58°C (from petrol) (lit. 95 56-58°C). 
o-Mes itylenesulphonylhydroxylamine 
This was prepared by the method of Carpino 196 by the reaction 
of mes itylenesuiphonyl chloride with t.-butyl- N-hydroxycarbamate to 
give t-butyl-N-mesitylenesulphonyloxycarbamate in 95% yield. M.p. 
102-104°C (lit. 11
96 
 102-104°C). Treatment of this with trifluoroacetic. 
acid gives o-mesitylenesulphonylhydroxylamine in 73% yield m. p. 
95-96°C (lit ' ?6 95-96 °C). 
N-Amino- 3- phenylisoquinolinium mesitylenesuiphonate 
3-Phenylisoquinoline (1.6 g, 0.0078 mole) was dissolved in di- 
chloromethane (10 ml) and a solution of o-mesitylenesulphonylliydroxyl- 
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amine (1.8 g, 0. 0083 mole) in dichloromethane (10 ml) was added 
dropwise with stirring at room temperature. After stirring for a 
further 30 minutes, ether (50 ml) was added, causing the precipitation 
of a brown oil, which was separated and washed with ether (3 x 30 ml) 
to give j-  amino- 3-phenylisoquinolinium mesitylenesuiphonate (2. 03 g. 
6 0%) which could not be induced to crystallise. 
e) 	2- Benzoylimino -3- phenylisoguinolinium betaine 
A solution of - amino -3-phenylisoquinolinium mesitylenesul-
phonate (0.9 g, 0.0022 mole) in water (15 ml) was made alkaline with 
an aqueous solution of sodium hydroxide (20% w/v, 15 ml). Benzoyl 
chloride (2. 3 g, 0. 016 mole) was added, and the reaction mixture 
shaken vigorously overnight. The precipitate (0. 88 g) was removed 
by filtration and chromatographed (silica, 50 vol % ethyl acetate in 
ethanol) to give a pale green oil (0. 50 g) which solidified. Recrystal-
lisation gave white crystals of 2-benzoylimino- 3- phenylisoquinoliniurn 
betaine (0.28 g, 49%) m. p. 181-182°C (from ethyl acetate). 
Benzylidene-N-ethylamine 
This was prepared in 91% yield by the method of Campbell and 
Hebling197 involving, the reaction of benzaldehyde and ethylarnine. 
Distillation gave benzylidene-N-ethylamine,' b. p.  72°C at 12 mmHg 
(lit.,
197 
 98-990C at 28 mmHg). 
N-Ethyl- N- a-methoxybenzylbenzamide 
This was prepared by adaptation of the method of Bohme and 
Hartlee.' 98 Benzoyl chloride (10. 7 g, 0. 076 mole) in dry ether (30 ml) 
was added dropwise with stirring under dry nitrogen to benzilidene-N- 
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ethylamine (10 g, 0. 075 mole) in dry ether (25 ml). The reaction 
mixture was stirred at room temperature for 2 hours when t. 1. c. (silica, 
80 vol, % ether in petrol) indicated the reaction to have gone to 
completion with formation of the intermediate N- ethyl-N- a-chloro-
berizylbenzamide. The reaction mixture was cooled to 0 °C before 
addition of triethylamine (10 g, 0. 099 mole) in dry ether (20 ml). Then, 
with vigorous stirring, a solution of AR methanol (10 ml, 0. 25 mole) 
in dry ether (10 ml) was added, causing an immediate precipitation of 
triethylamine hydrochloride, which was filtered off. The solvent was 
removed from the filtrate under reduced pressure and the residue 
distilled to give a clear oil (17. 6 g). This material solidified, and 
was recrystallised to give N-ethyl-N- a-methoxybenzylbenzamide as 
white crystals (15.1 g, 75%) m.p. 76-77 °C [from petroleum ether 
(60-80)] (Found: C, 75.8; H, 7. 1; N, 5. 1. C 17H19 NO2 requires 
C, 75.8; H, 7. 1; N, 5. 2%). 	1 H N. m. r. (CDC1 3): cS 0.65 (t, 37Hz, 
3. 22 (s, OCH3), 3. 28 (q, J7Hz, CH 2), 5. 78 (s, CH), 7. 24-7.65 
(m, 10H, aromatic). 13C N. m. r. (CDC1 3) 89.5 (CH). 
i. r. (Nujol) 1640 cm- 
I 
 (C =0). 
m/e 269 (78); 254 (51); 238 (11); 194 (57); 121 (100); 105 (100); 
77 (100). 
5) 	N-Ethyl-N- a-thiophenylbenzylbenzamide 
The intermediate N- ethyl-N- a-chlorobenzylbenzamide was 
prepared as in (4) above from benzoyl chloride (10. 7 g, 0. 076 mole) 
and benzilidene ethylamine (10 g, 0.075 mole) in dry ether (55 ml). 
The reaction mixture was cooled to 0 °C before addition of triethylamine 
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(10 g, 0. 099 mole) in dry ether (20 ml). Then, with vigorous stirring, 
a solution of thiophenol (15 ml, 0. 127 mole) in dry ether (15 ml) was 
added, giving an immediate precipitate of triethylamine hydrochloride, 
which was filtered off. The solvent was removed from the filtrate 
under reduced pressure to give a clear oil which was chromatographed 
(silica, 50 vol % ether in petrol) to remove excess thiophenol. Elution 
gave a clear oil, which was distilled to give 
N- ethyl-N- a-thiophenylbenzylbenzamide (20. 2 g, 78%) b. p.  1900C at 
0.25 mmHg. n ° 1.1492 (Found: C, 76.2; H, 6.1; N, 4.2. 
C 22H21 NOS requires C, 76. 1; H, 6. 1; N, 4. 0%) 
N.m. r. (CDC1 3): 6 1.12 (t, J7Hz, CH 3), 3.7 (q, J7 Hz, CH 2), 
6.3 (s, CH), 6.56-7.80 (m, 15H, aromatic) 
13 C N.m.r. (CDC1 3) 71.6 	(CH). 
i. r. (liquid) 1640 cm ' (C =0). 





R3 S%  
Mass spectral data (m/e, % relative abundance) 
= -Ph; R 2 = -H 	 214 (100); 186 (78); 139 (24); 
R 3 = -H 	 77 (39) 
R 1 -Ph,; R 2 -H 
	
294 (76); 292 (76); 214 (100); 213 (59); 
R =-Br 
	 185 (71); 184 (85); 152 (38); 141 (23); 
139 (23); 77 (14). 
R 1 = -co 2Et; R2 = -H 	210 (16); 165 (27); 137 (100); 109(38); 
R 3 = -H 
	
65 (40). 
R 1 = -co 2Et; R 2 = -CH 3 	224 (35); 179 (45); 152 (81); 151 (100); 
R 3 	-H 	 123 (43); 113 (19); 111  (19); 97 (19); 
79 (32); 77 (32). 
R 1 = -COPh; R2 = -H 
	
242 (17); 213 (65); 137 (100); 109 (30); 
R =-H 
	
105 (77); 77 (100). 












R 1 = -Ph; R = -H 




194 (100); 166 (55);  150 (25); 134 (25); 
121 (75). 
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2-Alkenylarylaldehydes and 2-Alkenylarylketones 
Mass spectral data (m/e, % relative abundance) 
R 1 = -H; R 2 = -Ph 
	
208 (5); 180 (100); 179 (76); 178 (46); 
R 3 = -H 
	
165 (30); 89 (16); 77 (13) 
R1 =R 2  = -Ph 
	
284 (15); 256 (100); 179 (17); 178 (21) 
R =-H 
R 1 = _CH 3 ; R 2 = -Ph 
	
222 (9); 207 (9); 194 (100); 179 (79); 
= -Ph; R 2 = -CH 3 	 178 (41); 115 (26); 91 (28) 
R = - H 
R1 =R 2 = -CH3 	 160 (27); 14509); 120 (83); 119 (85); 
R 3 = -H 	 91(100). 
R 1 = _CH 3 ; R 2 = -H 	 146 (52); 131 (100); 117 (25); 115 (25); 
R 1 = -H; R 2 a -CH3 	 103 (24); 91 (13); 77 (11). 
R 3 = -H 
R 1 = _CH 3 ; R 2 = -H 	 160 (21); 145 (100); 117 (21); 115 (30); 
R1 = -H; R 2 = -CH3 	 97 (8); 95 (10); 91 (18) 
R 3 = -CH3 
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R 1 = -CO 2Et; R 2 = 1H 204 (11); 175 (10); 159 (13); 	147 (9); 
R 3 = -H 137 (100); 103 (10); 77 (14). 
R 1 = -COPh; R 2 = -H 236 (3); 	207 (47); 	131 (100); 	105 (48); 
R 3 = -H 103 (25). 
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Appendix 2 
To sylhydraz ones of alkenyithienylaldehydes 
	H. 
S==<R2 
Mass spectral data (m/e % relative abundance) 
= -Ph; R = -H 	 382 (38); 227 (42); 198 (100); 
150 (60); 77 (50) 
R 1 = -Co 2Et; R 2 = -H 	305 (26); 222 (17); 	195 (43); 	156 (57); 
139 (38); 121 (100); 	91(100); 65 (50). 
R 1 = -GO 2Et; R 2 = -CH3 	527 (13); 416 (11); 319 (78); 209 (89); 
156 (37); 139 (32); 137 (32); 136 (54); 
135 (100); 91 (100); 90 (43). 
RI = -COPh; R 2 = -H 	450 (2); 381 (10); 291 (37); 278 (17); 
255 (95); 227 (100); 213 (87); 156 (100) 
105 (100). 
R 1 = -COPh; R 2 = -CH3 	480 (5); 319 (27); 291 (17); 278 (17); 
241 (45); 240 (37); 156 (100); 139 (92); 
105 (100). 
~A 	-r-%2 
R 1 = -Ph; R 2 -H 
'S' N=N-1J---Ts ffif 
H 	If 
382 (43); 227 (52); 198 (100); 
150 (48); 77 (42) 





R 1 = -Ph; R 2 = -H 382 (32); 227 (48); 198 (100); 
150 (60); 77 (32). 
C  s (\ 
362 (62); 179 (53); 178 (78); 177 (37); 










R = -H 	 356 (12); 344 (3); 201 (37); 	173 (100); 	171 (100); 
156 (15); 149 (21); 91 (18). 
R = -CH 3 	 370 (10); 356 (81); 215 (40); 186 (100); 
156 (12); 91 (21)-. 
• J==N-1J—Ts 
R = -H 	 356 (4); 201 (31); 173 (100); 	171 (100); 
• 	 156 (11); 149 (17); 91(15). 
R = -CH 3 	 370 (12); 356 (78); 215 (35); 186 (100); 
156 (9); 91(17). 
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Tosylhydrazones of 2- alkenylarylaldehydes and Z-alkenylarylketones 
j2 
H 
= -Ph; R 2 = -H 	 376 (41); 299 (60); 221 (100); 192 (37); 
R 3 = -H 	 191 (39); 115 (18); 91 (37) 
R 1 = -H; R2 ='- Ph 376 (36); 299 (56); 221 (100); 	192 (44); 
R 3 = -H 191 (44); 115 (20); 91 (48). 
R =R 2 = -Ph 452 (6); 	424 (8); 	297 (24); 	285 (80); 
R 3 = -H 269 (100); 260 (80); 	191 (100); 	91(100). 
R 1 = _CH 
3.
; R 2 = -Ph 390 (25); 375 (60); 	313 (30); 	235 (80); 
R 3 = -H 207 (52); 206 (70); 	191 (67); 	91 (100). 
R 1 = -Ph; R 2 = -CH3 	 390 (6); 375 (13); 313 (10); 307 (10); 
R 3 =,-H 	 235 (15); 223 (47); 207 (65); 191 (23); 
178 (20); 165 (12); 156 (35); 139 (18); 
129 (35); 105 (23); 91(100). 
R 1 = R 2 = -CH 3 	 328 (2); 313 (20); 173 (6); 161 (8); 
R 3 =-H 	 158 (8); 78 (100). 
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R 1 = -CH 3 ; R 2 = -H 314 (12); 299 (100); 159 (32); 	144 (67); 
R 3 = -H 129 (45); 115 (67); 91 (45). 
R 1 = -H; R 2 = -CH3 314 (4); 299 (100); 159 (19); 	144 (35); 
R 3 = -H 129 (21); 115 (33); 91 	(14). 
R 1 = -CH 3 ; R 2 = -H 328 (3); 315 (100); 173 (16); 	158 (45); 
R 3 = -CH3 144 (13); 129 (24); 91(13). 
R 1 = -H; R 2 = -CH 3 328 (2); 315 (100); 173 (22); 158 (77); 
R 3 = -CH3 144 (13); 129 (32); 115 (9); 91 	(11). 
R 1  = -CO 2Et; R 2 = -H 	372 (3); 299 (14); 285 (64); 217 (30); 
R 3 	-H 	 189 (68); 156 (42); 139 (30); 117 (75); 
115 (100); 91 (100). 
R 1 = -COPh; R 2 = -H 	404 (9); 278 (8); 249 (100); 234 (8); 
R 3 = -H 	 233 (12); 232 (12); 231 (12); 204 (6); 
171 (52); 156 (36); 155 (34); 139 (41); 
124 (34); 105 (81). 
- 
H 
rs Appendix 3 
Tosyihydrazones of alkenyithienylaldehydes 	 (a) 
	
Methine 	Aroatic 	R2 	Olefin 	R2 	Tosyl 	R2 
NH 	H Olefinic H H CH CH CH 	 CH3 
R 1 =-Ph 	8.53 	8.04 	6.78-7.88 	 2.31 
unresolved 	unresolved 	- -• 
R2=-H 	(b.s, 1H) 	(s, III) 	(m, 13H) 	 (s, 3H) 
R 1 =-COEt 	9.12 	8.10 	7.05-8.00 	6.18 	 4.22 	2.33 	 1.24 
unresolved 	 - 
R2=-H 	(b.s, ill) (s, 1H) 	(m, 7H) 	(d,J16FIz,1H) 	 (d,J7Hz,2H)(s, 3H) 	 (t,J7Hz, 3H) 
R1 =-CO2Et 9.02 8.06 7.87-7.15 7.92 4.23 	2.31 2.12 	1.26 
R2=-CI-1 3 (b.s, 	1H) (s, 	lii) (m, 6H) (q,J1.5Hz,1H)(d,J7Hz,2F1) °(s, 	311) (d, 	J1:.5Hz, 	3H) 	(t,J7Hz, 	3H) 
R1 =-COPh 11.46 8.21-7.22 2.33 
unresolved unresolved 	unresolved - - 	 - 
R2=-H (b.s,lH) (m, 	14H) (s, 	311) 
R1 =-COPh 8.74 7.75 7.70-7.14 2.35 2.21 
- 	 unresolved - 





(b) (1 	 (C) 	 J-Ts (d) 
S 	—N—Is 
H 	 H 	Ph 
NFl 
Methine Aromatic Olefinic 
Tosyl 
H Cl-I 3 
8.31 8.20 7.43-7.10 7.80 	(d, J16Hz, 	111) 2.3 
(b.s, 	111) (s, 	1H) (m, 	1111) 6.86 	(d, 	J16Hz, 	111) (s, 	3H) 
unresolved 8.20 8.07-6.94 unresolved 2.29 
(s, 	111) (m, 	1411) (s, 	311) 
8.50 - 7.98-6.95 - 2.42 
(b.s, 	111) (m, 	1011) (s, 	311) 
Tosyihydrazones of phenyithienylaldehydes and phenyithienylketones 








NH 	 Thiophene 	 Aromatic 	 Tosyl CH 
CH3 	 3 
8.45 	7.70 	6.89 (d, J511z, 111) 	7.58-7.02 	 2.5 
(s, 1H) 	(s, 1H) 	7.80 (d, J5Uz, lii) 	(ni, 911) 	 (s, 311) 
10.50 7.02 	(d, 	J511z, 111) 7.80-7.16 2.37 1.73 
a)R= -CH - 
(b.s, 	111) 7.48 	(d, 	J511z, 11-I) (m, 	911) (s, 	311) (s, 	311) 
8.68 7.73 	7.05 	(d, 	J511z, 1H) 7.71-7.02 2.28 
(b.s, 	1H) (s, 	1H) 	7.33 	(d, J5Hz, 111) (m, 	911) (s, 	3H) 
7.02-7.90 2.45 1.78 
b) R= -CH 3 	unresolved - 	 unresolved. (m, 	11H) (s, 	3H) (s, 	311) 
N 
N 
Tosyihydrazones of 2-alkenylarylaldehydes 
2 
n.m.r. 	spectral 	data (CDC13) 
N Is H 
NH (R3 ) Aromatic 
Olefin Tosyl (R2 ) (R1 ) 
H Olefinic H CH  CH  CH  
R 1 = - Ph 8.66 8.11 6.56-7.90 2.28 
unresolved - - 
R2= -H (b.s, 	1H) (s, 	1H) (m, 	15H) (s, 	3H) 
R1 = -H 8.60 7.96 6.57-7.85 2.27 
unresolved - - 
R2= -Ph (b.s, 	IH) (s, 	lii) (m, 	15H) (s, 	3H) 
R 1 R2= -Ph 8.24 7.90 6.88-7.78 2.33 
I unresolved - - 
(b.s, 	1H) (s, 	1H) (m, 	19H) (s, 	3H) 
R1 = -CH3 8.48 7.98 6.75-7.86 6.54 2.32 2.16 
R2= -Ph (b.s, 	1H) (s, 	1H) (m, 	13H) (m, 	1H) (s, 	3H) (d, 0.50, 1H) 
R1 = -Ph 8.45 7.92 7.10-7.85 6.85 2.32 1.90 - 
R2=-CH3 (b.s, 	1H) (s, 	1H) (m, 	1311) (m, 	1H) (s, 	3H) (d, Jl.5Hz, 3H) 
R1 =R2= -CH3 8.69 8.04 7.00-7.93 6.20 2.32 1.50 1.84. 
(s, 	1H) (s, 	1H) (m, 8H) (m, 	1H) (s, 	3H) (b.s, 	3H) (b.s, 	3H) 
Tosyihydrazones of 2-alkenylarylaldehydes 	
ri 
and 2-alkenylarylketones 	 R2 
'H n.m.r. spectral data (CDC1 3 ). 	 N-N-is 
3 H 
(R3 ) 	Aromatic 	Olefinic 	(R2) 











R1 = -CH 3 8.84 8.18 7.00-7.92 6.66 5.90 2.32 1.82 






- (s 	3H) - 
- (d.of d.) 
(J7, 	1.5) 
R3=-H 
R =-H. 8.53 7.92 7.00-7.89 6.42 5.78 2.35 1.49 1 
R2= -CFI 3 (b.s, 	ill) (s, M) (m, 8H) (d.of d.) - (d.of d.) 	-. (s 	3H) 
- (d.of d.) 
(J7,1.5) 
- 
R2= (J10,1.5) (J10, 	7) 
R1 =-CH 3 8.18 7.05-7.93 6.35 5.95 2.40 2.10 1.17 
(b.s,1I-I) - (m, 8H) (d.of d.) (d.of d.) - 	 - (s, 	3H) (s, 	3H) - • (d. 	of d.) 
R3=-CH3 (J15,1.5) (J15, 	7) (J7, 	1.5) 
R1 = -H 6.80-7.79 5.85 5.58 2.43 2.10 1.77 
R2 = -CH3 unresolved - (m, 9H) (d. 	of d.) - (d. 	of d.) 	- (s, 	31-I) (s, 	3H) (d. 	of d.) - 
R3= -CH 3 (J12, 	1.5) (J12, 	7) (J7, 	1.5) 
R 1 = -CO 2 Et 9.62 8.22 7.13-7.95 8.12 6.23 4.24 2.26 1.31 
R2= -H (b.s, 	1H) (s, 	1H) (m, 8H) (d,J16Hz) (d,J16Hz) - 	 (q,J7Hz) (s, 	3H) - (t,J7Hz) - 
R3= -H 
R 1 = -COPh 	 8.55 	7.01-8.39 	 2.38 
R2= -H unresolved (s, 1H) (iii, 161-I) unresolved unresolved 	- 	- 	(s, 3H) 
P-= -W 	 N. 
Appendix 4 













'ester CH 	 - 	 - 	 1.41 (t, J 7Hz) 
quasi axial H 	2.84 br (d, J 10 Hz) 	 2.59br (d, J 10Hz) 	 2.53 br (d, J 10Hz) 
ester Cl-I 3 	 - 	 - 	 4.46 (q, J 7Hz) 
quasi equatorial H 	6.52 br (d, J 10Hz) 	 6.55 br (d, J 10Hz) 	 6.75 br (d, J 10Hz) 
6.84 (s, 1-H) 	 6.84 (s, 5-H) 	 7.63 (s, 5-14) 
8-H 	 7.12 (d, J 5Hz) 	 7.02 (d, J 5Hz) 	 7.11 (d, J 5Hz) 
7-11 7.22 	(d, J 5Hz) 7.48 (d, J 5Hz) 	 7.78 (d, J 5Hz) 
rn-, 	p-phenyl 7.3-7.5 (3M, 	rn) 7.28-7.42 	(3H, m) 	 - 
o-phenyl 	 7.82 (211, m) 	 7.74-7.88 (2H, m) 	 - 
T/°C 	 82+10 	 74±10 	 65±1 9 
AG /kJnio1 	 68±2 	 66±2 	 64±2 
278 









13 C N. m. r. spectral data (CDC1 3 ) 
64.2 (C-5), 108.8 (C-i), 
154.4 (C-2), 124.4 (tert), 
125.5, 125.9, 128 5, 
128.8, 137.1 (tert) 
137.3 (tert) 
6 5. 7 (C-i), 106.8 (C-5), 
151. 9 (C-4), 125.4 (tert), 
126. 0, 	126.6, 	128. 6, 
128. 8 1 	131. 1, 	137.0 (tert), 
137. 8 (tert. ) 
Mass spectral data 
226 (3), 198 (100), 197 (77), 
171 (16), 165 (36), 153 (9), 
152 (13), 139 (9), 121 (9), 
98 (9). 
226 (4), 198 (100), 197 (80), 
171 (12), 165 (32), 153 (8), 








H N. m • r. 
spectral data -4 
(CDC13) 	
' S6 H 5 	6 5HH 
28°C 	3. 54 br (s, l -CH 2) 	 3. 70 br (s, 5-CH 2) 
CH 
2(_600C) 2.71(d, J13Hz); 4. 37(d, J13Hz) 3. 05(d, J14Hz); 4.44(d, J14Hz) 
8-H 	 6. 94 (d, J5Hz) 	 7. 05 (d, J5Hz) 
7-H 	 7. 48 (d, J5Hz) 	 7. 14 (d, J5Hz) 
rn-,-phenyl 	7. 26-7.42 (3H, m) 	 7.30-7.44 (3H, m) 
o-phenyl 	7.74-7.92 (21-1, m) 	 7. 72-7.92 (2H, m) 
CH 	 8.47 (s, 5-H) 	 8.46 (s, 1-H) 
T/ °C 	-7±2 	 -1±2 
G /kJmol 1 51.8+0.4 	 53.4+0.4 
13 C N. m. r. spectral data (CDC1 3 ) 
30.9 (C-i), 151.4 (C-a), 	 30. 2 (C-5), 150.9 (C-4), 
142.7 (C-5), 141.9 (tert), 135.8, 	144.8 (C-l), 140.6 (tert), 
131.9, 130.0, 128.6, 127.8, 	 135.6 (tert), 130. 1, 128. 7, 127. 7, 
1 25. 8 
	
126. 0, 124.7. 
Mass spectral data 
226 (100), 123 (50), 103 (10), 	 226 (90), 123 (60), 103 (17), 




F 	1 2 	 67 F.-~ N3 
C] 
2a, 6-dihydro-2-phenyl 
diazeto [1, 4-a]thieno [2, 3-c] 
pyr role 
N.m. r. spectral data (C 6 D6 ) 
4.14 (d.of d, J15 and 2Hz, 6-H) 
4.34 (d. of d, J15 and 3Hz, 6'-H) 
5. 80 br (t, J3Hz, 2a-H) 
6. 27 (d, J5Hz, 5-H) 
6.80 (d, J5Hz, 4-H) 
6. 92-7.47 (5H, m, phenyl) 
H 
4, 7b-dihydro- 1 -phenyl 
diazeto [1, 4-a]thieno [3, 2-c] 
pyrrole. 
4.18 (d. of d, J1 and 3Hz, 4-H) 
37 (d. of d, J14 and 3Hz, 4'-H) 
68 (t, 13 Hz, 7b- H) 
6.49 (d, J5Hz, 7-H) 
6.75 (d, J5Hz, 6-H) 
6.90-7. 12 (3H, m, rn-, -phenyl) 
7. 32-7.45 (2H, m, o-phenyl) 
Mass spectral data 
226 (34), 198 (66), 197 (61), 	 226 (65), 198 (43), 197 (39), 
165 (29), 123 (100), 103 (24), 	 165 (20), 123 (100), 103 (48), 





Nmr (CDC1 3) a) R 1 Ph;R 2 H b) R 1=CH3 ;R 2=H c) R 1 =CH 3 ; R 2 =CH 3 
CH  (R 2) 	 - 	 - 	 2. 25 (d, J6Hz) 
CH 	(R 1 ) - 	 2.45 (d, Ji. 5Hz) 2. 50 (d, Ji. 5Hz) 
quasi axial H 3. 02 (d, 	J9Hz) 	2. 87 (d, J1OHz) 2. 79 (q, J6Hz) 
quasi equatorial 
H 	 6.35 (d, J9Hz) 	6. 21 (d, J1OHz) 
5-H 	 6.98 (s) 	 6.41 (q, J1.5Hz) 6.50 (q, J1.5Hz) 
aromatic 	7.11-8.10 (9H,rn) 7.18-7.46 (4H, m) 7.22-7.61 (4H, m) 
T 1 °C 	 102+10 	 77+10 
C 	 - 	 - 
	
G /kJmol 1 	72+2 	 65+2 
13 
C N. m. r. spectral data (CDC1 3 ) 
(a) 	 (b) 	 (c) 
69-3 (C-i), 114.4 (C-5) 	21.2(R 1 ), 68.7 (C - i) 20.8 (R 2), 21.0 (R 1 ), 
152.0 (C-4), 125.0 (tert) 115.9 (C-5), 150.2 (C- 70.6 (C-i), 115.7 (C-5), 
126. 1, 127. 7, 128.2, 128.4,),125.4 (tert), 127. 0, 150. 0 - (C-4), 115. 8, 123. 6, 
130. 7, 133.9 (tert), 	127.4, 128. 0, 130.0 	126. 9, 127. 3, 128. 9, 
136.9 (tert) 	 (tert), 133.6 (tert) 	130. 2 (tert), 133.3 (tert) 
Mass spectral data 
282 
(a) 	 (b) 
220 (1), 193 (16), 192 	158 (8), 130 (97), 115 
(100), 191 (80), 189 	(100), 102 (4), 89 (5), 
(21), 164 (20), 115 (20) 77 (5) 
(c) 
172 (8), 159 (4), 144 (68) 
139 (100), 138 (96), 115 (31), 
102 (8), 91 (5), 89 (5), 
77 (10). 
13 N. m. r. spectral data (CDC 1 3 ) 
(a) 	 (b) 
30.2 (C-S), 153.4 (C-4) 	22.7 (R 1 ), 37.3 (C-5), 
150.6 (C-P, 138.5, 135.5 154.3 (C-4), 150.5 (C-i) 
131. 3, 130. 3, 129. 8, 
128. 3, 128,2, 127. 3, 
137. 2, 130. 6, 129.2, 





Nrnr (CDC1 3) a) R 1=Ph;R 2=H b) R 1 =CH3 ;R 2=H c) R 1 CH3 ;R 2 =CH 3 
CH  (R 1 ) 	 - 	 2.09 (s) 	 2.09 (s) 
CH  (R 2 ) 	 - 	 - 	 Z. 50 (s) 
(28°C) 	 - 	 3.09 (b. s.) 	AB: 6
A
3 23 6 B2 96 
CH 	 1 AB 12Hz 
(-60°C) AB: 6A4. 
16B 
 2. 96 AB: 6A3.34 
AB 12. 5Hz 	6 2. 70 	 - 
AB 12Hz 
aromatic 	7. 1-7. 5 (7H, m) 	7. 15-7.43 (4H, 	7. 1.4-7. 51 (4H, m) 
7.7-8.0 (2H, m) 	
m) 
CM 	 8.59 (s) 	 8.51 (s) 	- 
T 1 ° C 	 55+ 2 	 18-f.2 	 - 
G/kJmol ' 	65.6±0.4 	 59.6+0.4 	- 
127. 1, 126.3 
Mass spectral data 
(a) 
220 (100), 117 (94), 104 
(19), 90 (55), 89 (24) 
125.7. 
(b) 
158 (100), 117 (82), 
90 (98), 63 (18) 
(c) 
22. 6 (R 1 ), 24. 6 
37.8 (C-5), 156.7 (C-4), 
154.9 (C-i), 137,9, 131.4, 
130. 5, 127. 1, 126. 9, 
125.9 
(c) 
172 (100), 131 (60), 130 
(94), 116 (93), 90 (45), 




1 -(cyclohexylrn ethyl) 
2- alkenylbenzenes 
' H Nmr (CDC1 3) a) R 2=Ph;R 1 H 	b) R 2 R 1 CH3 c) R2 =CH 3 ; R 1=H 
aliphatic 	0.65-1.83 (11H, 	0.65-1.85 (11H, 0.81-1.80 (11H,m) 
m) m) 
R 2 (CH3 ) 	 - 	 1.68 (d,J1.5Hz) 1.70 (d.ofd, 
J7Hz, 1.5Hz) 
R 1 (CH 
3 )
- 	 1. 90 (d, Ji. 5Hz) 	- 
CH 	 2.52 (d, J6 Hz) 	2.45 (d, J6Hz) 	2.45 (d, J6 Hz) 
6A652 	 - 	(d.ofd. 
R 1 (H) 	 AB 	 - 	 5.81 
AB 11Hz 	 (J1OHz,7Hz) 
6 B 6 . 68 	 (d.ofd. 
alkene H 	AB 	 6.40 (1H, m) 	6.50 
AB 11Hz 	 (J1OHz, 1. 5Hz) 
aromatic 	6.85-7. 22 (m) 	7.11 (4H, s) 	7.08 (4H, s) 
Mass spectral data 
(a) 
276 (100), 193 (53) 
185 (56), 179 (25), 
143 (18), 129 (19), 
117 (59), 115 (50), 
91(31). 
(b) 	 (c) 
228 (1), 188 (3), 170 (10), 214 (34), 185 (100), 
156 (15), 146 (10), 119 	131 (60), 130 (68), 129 
(17), 85 (34), 71 (55), 	(66), 117 (69), 115 (54), 














CH 	 2. 30 (t, J7Hz) 	2. 25 (t, J7Hz) 2. 32 (t, J7Hz) 
R(CH 3 ) 	 - 2.45 (s) 	 - 
5.84 5.88 






(d. of T, Jd1OHZ 	collapses to (d,J1OHz) 
3 	7Hz) 	on irradiation at 2. 32 
5.95 5.90 
(d. of t, 	Jd l OHz (d. of t', 
7Hz) J 7Hz) 
H-10 collapses to (d, 	J1OHz) 
on irradiation at 2. 32 
collapses to (t, 	J7Hz) 
on irradiation at 7.17. 
H-7 	 6. 75 (d, J1OHz) 	6. 71 (d, 310Hz) 	6. 39 (d, 310Hz) 
H-il 	7. 12 (d, 310Hz) 	7. 16 (d, J1OHz) 	7. 17 (d, J1OHz) 
aromatic 	7. 31-8. 20 (6H, m) 7. 30-8. 20 (4H, m) 7. 28-7. 53 (7H, m) 
H-5 	 - 	 7.10 (s) 	 7.62 (s) 
R(Ph) ortho 	- 	 - 	 7. 75 (d, 38Hz) 
R(Ph) ortho 	- 	 - 	 8. 14 (d, J8 Hz) 
286 	 4 	5 




13 C N. m. r. spectral data (CDC1 3 ) 	 10 
a) RH b) R=CH 3 c) R=Ph 
26.3 (C-9) 21.4 (R), 	26.5 (C-9) 26.6 (C-9) 
124. 6, 125, 0, 	125.6 6, 	125. 0, 	125. 3, 124. 8, 	1 .25. 0, 126. 0, 
126. 0, 126.4, 	126.6 6, 	125. 8, 	126. 5, 1, 	127. 0, 127.3 (tert), 
128. 1, 128. 6, 	130. 2, 126. 6, 	127. 8, 	128. 3, 5, 	127. 9, 0, 
131.6 (tert), 	132.0 129.8 (tert), 	130.3 (tert) 128.2, 	128.9, 129.9, 
(tert), 133.4 (tert) 134. 3 (tert), 	136. 9 (tert) 131. 5, 	133.8 (tert), 
134. 7 (tert). 133.9 (tert), 140. 3 (tert), 
141.8 (tert). 
Mass spectral data 
a) RH 
192 (100), 191 (87) 
189 (30), 165 (20) 
b) R=CH 3 
206(100), 191 (53), 
178 (5), 165 (5), 
101 (7), 89 (8). 
c) R=Ph 
268 (100), 252 (27), 
239 (7), 191 (10), 
189 (6), 167 (20), 








nmr 	(CDC1 3 ) CHN Aromatic Olefin H 	R1 	(H) R2 (H) 	R1 	(CH 3)R2 (CH 3) 
R1 =H 	R2=Ph 8.78 7.03-8.18 AB 	6 	6.82 	AB 	6.69 
(s) (911, 	m) i AB  :12Hz JAB  12Hz 
R1 =R2=Ph 8.98 6.80-8.22 
unresolved 	unresolved 
(s) (15H, m) 
R1 =CH 3 R2=Ph 	8.85 6.82-8.07 6.72 - 	 2.26 
(s) (9H, m) (q, 	J1.5Hz) (d, J1.5Hz) 
R 1 =Ph 	R2 =CH 3 	8.95 7.25-8.35 7.10 	 - - 	 - 	 2.10 
(s) (9H, m) (q, 	J1.511z) (d, 	J1.5Hz) 
R 1 =R2=CH 3 	 8.92 7.09-8.33 6.51 1.96 	 l62 
(s) (411, 	m) (m) 	 - - 	 (d, 	J1 .511z) 	(d, 	J1 .5Hz) 
R 1 =H R2=CH 2 	8.85 	7.15-8.21 	6.78 	5.88 	 1.65 
(s) (4H, m) ( d. of d.) 	(d. of d. 
) 	 - 	 S 	 - 	 ( 
d. of d.- ) 
(J1OHz,1.5Hz) (J101Iz, 711z) (J7Hz, 1.5Hz) 
M*] 
Azines of 
2- alkenylarylaldehyde S 
Mass spectral data 
	 I 
R 1 =H, R 2=Ph 	412 (62), 345 (55), 282 (20), 206 (100), 
191 (40), 178 (30), 130 (50), 128 (28), 
91(17), 77 (15). 
R 1 =R 2=Ph 	 564 (77), 487 (32), 282 (100), 268 (10), 
254 (15), 207 (57), 205 (42), 181 (28), 
169 (45), 167 (15), 77 (12). 
R 1 CH3 , R 2 =Ph 
R 1 Ph, R 2 =CH 3 
R, =R-=CH- 
440 (2), 428 (15), 402 (18), 307 (50), 
220 (100), 207 (73), 178 (59), 105 (60). 
440 (50), 425 (70), 363 (55), 220 (100), 
206 (65), 144 (25), 115 (27). 
316 (29), 301 (100), 158 (90), 144 (68), 
129 (16), 116 (19), 1.15  (19), 91 (16). 






H H Ph 
S =0 CH3 
' H N. m. r. spectral data (CDC1 3 ) 
CH 
	
Z. 35 (s) 
CH 4.50 (s) 
aromatic 	6. 72-7. 90 (rn, 7H) 
NH 	 9.74(b.s.) 
exchanges with D 20 





2. 38 (s) 
4.62 (s) 
6.95-8. 06 (m, 9H) 
25 (b. s.) 








C N. m. r. spectral data (CDC1 3 ) 
20. 5 (CH 3 ), 26. 7 (CH 
2) , 
 
126.3, 128.6, 129.5, 130.3, 
135. 1 (tert), 137.0 (tert), 141.5 
(tert), 146. 1 (tert), 173.8 (C =N) 
18 3. 0 (C=O) 
20. 5 (CH3 ), 29. 9 (CH 2), 
126.2, 127.6, 128.5, 129.4, 
133. 5 (tert), 134. 2, 135.6 (tert), 
135.9, 137.4 (tert), 147.5 (tert), 
173.6 (C =N), 193.9 (C=O). 
Mass spectral data 
286 (5), 269 (20), 228 (36) 
227 (52), 203 (16), 201 (20), 
161 (100), 77 (100).  
280 (10), 263 (20), 222 (50), 
221 (67), 208 (20), 207 (20), 
205 (20), 193 (20), 161 (100), 







N. m. r. spectral data (CDC1 3 ) 
t- 3H  %CH3
Ph 
CH  (ethoxy) 	 1. 23 (t, J7Hz) 
	
1.21 (t, J7Hz) 
CH  (acetyl) 	 2. 28 (s) 
	
2. 30 (s) 
CH  (ethoxy) 	 3. 68 (q, J7Mz) 
	
3. 64 (q, J7Hz) 
CH 	 AB: 
6A 
 3.95 







6.76 (d, J5Hz) 	unresolved 
7-i 
	
7. 18 (d, J5Hz) 	uxi resolved 
C-H 
	
7.23 (s) 	 7.13 (s) 
fli - , p 7 phenyl 
	
7. 29-7.48 (m, 3H) 	6.90-7.42 (rn, 5H) 
ü-phenyl 
	
7. 66-7. 81 (m, 2M) 	7.68-7.80(m, 2H) 
Mass spectral data 
314 (12), 269 (24) 
227 (15), 154 (100), 
77 (32). 
314 (30), 275 (35), 
269 (80), 257 (66), 











OCH2CH3 H H 
13 C N. m. r. spectral data (CDC1 3 ) 
CH  (ethoxy) 	 14.9 	 14.9 
CH  (acetyl) 	 22.1 	 22.1 
C H 2 	 31.0 (C-i) 	 30.0 (C-5) 
CH  (ethoxy) 	 63.7 	 63. 5 
CH 	 73.4 (C-5) 	 78.9 (C-i) 
125.6 	 122.8 
127.0 	 126.9 
127.5 	 127.9 
128.4 	 128.4 
aromatic 	 130.3 	 130.2 
132.0 (tert) 	 132.0 (tert) 
134. 2 (tert) 	 135.1 (tert) 
137.5 (tert) 	 137.6 (tert) 
C=N 	 165.1 	 161.2 
C=O 	 173.2 	 173.6 
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H 	Ph 	1-substituted- 2-acyl- 
4-phenyl-5H-2,3-be   nzodiazepines 
13 C N.m.r. spectral data (CDC1 3 ) 
R 1 CH 3 ; R 2 0CH3 	 22.4 (CH3 :R 1 ), 36.1 (C-5), 55.6 (CH 3 :R 2), 
95.1 (C-i) 
126. 3, 127. 1, 128.2, 128.6, 128.8, 
129.4, 134.0 (tert), 134.9 (tert), 140.1 
(tert), 147.8 (CN) 174. 5 (C =0) 
R 1 =CH3 ; R 2 0C 2H 5 14.8 (CH 3 :R 2), 22.4 (CH 3 :R 1 ), 36. 2 (C-s), 
63. 3 (CH 2 :R 2), 83.5 (C-i) 
126. 3, 127. 0, 127. 8, 128. 1, 128. 6, 129. Z, 
134. 3 (tert), 134.8 (tert), 140. 2 (tert), 
147. 3 (C =N), 174.3 (C=0). 
R 1 =CH 3 ; R 2 SC 2H5 14.4 (CH 3 :R 2), 22.3 (CH 3 :R 1 ), 26. 1 (CH 2 :R 2) 
37.7 (C-5), 60.1 (C-i) 
126. 4, 127. 4, 128. 0, 128. Z, 128. 8, 129. 1, 
134. 3 (tert), 135. 3 (tert), 139.8 (tert), 
149.5 (C =N), 173.3 (C=0). 
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1. Substituted - 2-acyl-4-phenyl- 5H- 2, 3-benzodiaz epines. 
13 C N. m. r. spectral data (CDC1 3 ) 
R 1 =CH 3 ; R 2 =OPh 
R 1 =CH 3 ; R 2 =SPh 
22. 3 (CH 3 :R 1 ), 36.7 (C-5), 82.9 (C-i), 
117.5, 122.7, 126.4, 127.2, 128.1, 
128.3, 129.0, 129.5, 129•7 ; 
6 (tert), 134. 9 (tert), 140.1 (tert), 155. 6 (tert), 
148.1 (C =N), 173.6 (C=O). - 
21.8 (CH3 :R 1 ), 37.6(C-5), 64.7(C-1), 
126.5, 127.3, 128.3, 128.7, 129.0, 
129.3, 129.5, 135.1, 
132.0 (tert), 134. 0 (tert), 134. 5 (tert), 139. 3 (tert), 
151. 3 (C =N), 17 2. 9 (C=O). 
R 1 =Ph; R 2 0C 2H5 	14.9 (CH 3 :R 2), 36.4 (C-5), 63.7 (CH 2 :R 2), 
84.9 (C - i) 
126. 3, 127. 1, 128. 0, 128. 7, 128. 9, 
129.0 129. 3, 129. 8, 134. 6, 
127.7 (ter t), 129.6 (ter t), 135.7 (tert), 139.4 (ter t), 
148.3 (C =N), 172.5 (C=p). 
R 1 =C 2H 5 ; R 2 =OCH 3 9.1 (CH 3 :R 1 ), 27.5 (CH 2 :R 1 ), 36.1 (C-5), 
55.6 (CH 3 :R 2), 85. 3 (C-i). 
126.3, 127.1, 128.2, 128.6, 128.8, 129.4, 
1 (tert), 134. 9 (tert), 140. 1 (tert), 









Mass spectral data 
R 1 =CH 3 ; RfOCH 3 
R 1 =CH3 ; R 2 =0C 2H5 
R 1 =CH 3 ; R 2 SC 2H5 
R 1 =CH3 ; R 2=OPh 
R 1 =CH3 ; R 2 =SPh 
R 1 =Ph; R 2 =0C 2H5 
294 (82), 263 (45), 262 (32), 237 (25), 
221 (85), 220 (55), 205 (25), 192 (27), 
191 (31), 178 (30), 165 (25), 135 (32), 
134 (100), 119 (57). 
308 (25), 263 (25), 262 (28), 221 (45), 
220 (40), 148 (100), 133 (30), 119 (30). 
324 (5), 277 (37), 264 (64), 263 (100), 
235 (62), 222 (100), 221 (100), 220 (100), 
205 (38), 122 (40), 118 (48), 117 (95), 
104 (48), 94 (98), 90 (89), 77 (46). 
356 (1), 263 (54), 221 (100), 119 (14), 
105 (12), 77 (8). 
372 (1), 263 (63), 221 (100), 117 (20), 
110 (28), 104 (11), 90 (14), 77 (8). 
370 (12), 325 (12), 148 (100), 133 (24), 
129 (18), 105 (82). 
R 1 C 2H5; R 2 0CH3 	308 (78), 277 (24), 220 (57), 219 (41), 
205 (16), 192 (16), 191 (20), 178 (19), 







' H N. m. r. spectral data (CDC1 3 ) 
aromatic CH CH  RfH) R 1 (CH 3 ) R 2 (CH 3 ) 
R 1 =CHR 2 =OGH 3 	6.90-7.81 3 6.85 6 	 3.87 	6 	 4.87 - 2.41 3.40 
(9H, m) (s) AB: 
3AB 
 15Hz (s) (s) 
R 2 =0C 2H5 	7.03-7.81 6.90 6 	3.85 64 95 3.62 2.42 1.21 
(9H, m) (s) AB: 
3AB 
 15Hz (q, J7Hz) (s) (t, 	37Hz) 
=SC H 	7.19-8.10 R 
2 	2 5 unresolved 




2.55 2.45 1.35 
(1 OH, m) AB: 
3AB 
 17Hz (q, J7Hz) (s) (t, 	J7Hz) 
R2 =OPh 	6.98-7.97 
unresolved 
5 	4.07 	5 5.0 
A B - 
2.12 
- 
(15H, m) AB: 
3AB 
 16Hz (s) 
R =SPh 	6.93-7.55 
2 uniesolved 
3 	3.98 S 	5.13 
A B - 
2. 3 Q. 
- 
(15H, m) AB: 
3AB 
 14Hz (s) 
=OC H 	6.95-7.75 R =PhR 2 
	2 5 un resolved A 3.92 tS B 
 4.92 3.78 
- 
1.24 
11 AD. 	T 	11ri.. 1.. 	T1LJ.. N (t, 	37Hz) 
Appendix 14 (cont.) 
0 
N 
aromatic 	CH 	CH  
7.00-8.05 	6.80 	6 3.82 
6  
4.85 
R 1 =C 2H 3 R2=OCH3 	
(9H, m) 	(s) 	AB: J 	 15Hz
AB 
R 2(CH 3 ) 	R 1 (CH 2) 	R 1 (CH 3 ) 
3.41 	2.81 	1.12 









B. 	 ' H N. m. r. spectral data 	Mass spectral data 
(DM SO- d6 ) 
C-OCH 3 3. 15 (s, OCH3 ) 	 278 (36), 277 (100), 248 (18), 
7.41-8.55 (m, 11H, 	 219(9), 218 (19), 205 (37), 
aromatic and N-H) 	 204 (19), 102 (6) 
8. 59 (s, H-4) 
10. 15 (s, CH=N) 
p 
d-0C 2H5 0. 90 (t, J7Hz, CH 
3)
292 (25), 291 (50), 248 (21), 
3. 95 (q, J7Hz, OCH2) 	 219 (37), 218 (29), 205 (100) 
29-8.88 (m, 11H, 
aromatic and N-H) 
90 (s, H-4) 
10. 70, (s, CHN) 
-Ts 	2. 35 (s, CH 
3)
374 (17), 373 (5), 309 (10), 
6. 74-8.85 (m, 16H, 	 220 (42), 219 (95), 218 (100), 
aromatic and N-H) 	 205 (100), 204 (85), 155 (18), 







R 	 1 H N. m. r. spectral data 	Mass spectral data 
(DMSO-c16 ) 
1. 92 (s, CH 
3)
262 (80), 261 (49), 247 (40), 
7.42-8.62 (m, 11 H, 	 205 (100), 204 (40), 185 (18), 
aromatic and N-H) 	 77 (23) 
8..69 (s, H-4) 
10. 39 (s, CHN) 
9 -c -Ph 	7. 31-8. 69 (m, 16H, 	 324 (92), 323 (92), 247 (50), 
aromatic and N-H) 	 205 (100), 204 (50), 119 (17), 
8.85 (s, H-4) 	 105 (67) 
10.58 (s, CHN) 
IR 
-C-ArNO 2 	7. 50-8. 75 (m, 15H, 	 369 (27), 368 (24), 218 (11), 
aromatic and N-H) 	 205 (100), 204 (41), 102 (18). 
8. 90 (s, H-4) 




N- substituted- imino- 
3 -phenylisoguinolinium 
betaines 
R 	 1 HN.m.r. spectral data 	Mass spectral data 
(CDC 
3) 
-d-CH3 	1.94 (s, CH 3 ) 	 262 (50), 261 (25), 247 (33) 
7. 28-8. 10 (m, 1OH, aromatic) 219 (33), 205 (100), 204 (30), 
9. 21 (s, CHN) 	 185 (20), 77 (15). 
9 
-è-Ph 






7.08-8. 19 (m, 15H, aromatic) 
9. 52 (s, CHN) 
7. 30-8. 25 (m, 14H, aromatic) 
9.62(s, CH=N) 
3.68 (s, OCH 3 ) 
7. 30-8. 25 (m, 10H, aromatic) 
9.61 (s, CHN) 
1. 20 (t, 37Hz, CH 
 3 ) 
4. 12 (q, J7Hz,) 
7. 28-8. 20 (m, 10H, aromatic) 
9.62(s, CHN) 
324 (100), 323 (100), 247 (50), 
205 (91), 204 (45), 105 (54), 
77 (27) 
369 (70), 368 (70), 205 (100), 
204 (47), 166 (41), 150 (59). 
278 (35), 277 (100), 247 (17), 
219 (17), 218 (32), 205 (82) 
204 (37), 115 (17), 88 (8) 
292 (27), 291 (66), 247 (13) 
219 (40), 218 (37), 205 (100), 
204 (38), 115 (20), 88 (8). 
-Ts 	 2.35 (s, CH 3) 
	
374 (26), 309 (17), 219 (100), 
6. 70-8. 35 (m, 14H, aromatic) 218 (43), 205 (61), 204 (22), 





Ph 	N- substituted- imino- 
. .-L.. 	
3- phenyliso g uinolinium 
b eta in e s 
13 C N.m.r. spectral data (CDC1 3 ) 
11 
R= -C-CH 3 	 22. 1 (CH 3 ), 125.4, 126.4, 126.9 (tert), 
127. 7, 129. 1, 129. 2, 132.6 (tert), 
133. 4, 134.8 (tert), 146.7 (tert), 








R= -C-0C 2H5 
RT5 
125. 3, 126. 4, 126.7 (ter t), 127. 0, 127. 4, 127. 7, 
128.4 (tert), 129. 3, 129. 4, 129.6, 132.7 (tert), 
3, 134. 6, 137.3 (tert), 146.7 (tert), 
147.7 (C-i), 170. 2 (C=0). 
122. 8, 125. 7, 126.1 (tert), 126. 7, 127. 1, 127.4 (tert), 
128. 0, 128. 8, 129. 6, 129. 8, 132.6 (tert), 134. 0, 
1 (tert), 146.7 (tert), 147. 3 (C-i), 148.6 (tert). 
51.9 (QCH3 ), 125. 5, 126.4, 127.2 (tert), 127. 5, 
127. 9, 129. 5, 132.9 (tert), 133. 2, 134.3 (tert), 
147.5 (C-i), 164.0 (C=0). 
14.6 (CH 3), 59.8 (OCH 2), 125.2, 126. 1, 126.8 (tert), 
1, 127. 5, 128. 8, 129. 1, 132.7 (ter t), 132.9, 
134.0 (tert), 146.9 (tert), 147.3 (C-i), 163.4 (C=O). 
21.1 (CH 3), 125. 5, 126. 2, 126. 5, 127. 0, 127. 3, 
4, 128. 6, 128. 8, 129. 8, 130. 0, 132.1 (tert), 
3, 135. 1 (tert), 139.8 (tert), 140. 1 (tert), 












' HN.m.r. spectral data (CDC1 3 ) 
2. 25 (s, CH 3 ), 3. 90 (t, J8Hz, H1 ), 
5.12 (d, J8 Hz, H 2), 5.60 (d, J8 Hz, H 3 ) 
5.79 (s, H-4), 7.09-7.71 (m, 14H, aromatic) 
13C N. rn. r. spectral data (CDC1 3 ) 
20.9 (CH  3 ), 52.6 (C 2), 59. 3 (C 1 ), 64.6 (C 3 ), 
107.9 (C-4) 
125.2 (tert), 125. 9, 126.5 (tert.), 127. 2, 127. 5, 
127.9, 128.3, 128. 8, 128.9, 130.7 (tert), 
132.2 (tert), 135. 5, 147.1 (tert) 
171.7 (C=O), 172.5 (C=O). 
Mass spectral data 
425 (42), 262 (58), 247 (40), 219 (100), 
205 (67), 173 (58), 77 (19). 
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The Synthesis of 1H-' and 5H-Thieno[1,2]diazepines by the Electrocyclis-
ation of -(2-AIkenyIthienyI)diazoaIkanes, and Some Observations on their 
Photochemical Reactivity and Ring Inversion 
By David P. Munro and John T. Sharp, Department of Chemistry, University of Edinburgh, West Mains Road, 
Edinburgh EH9 3JJ 
The cyclisation of the x-(2-alkenylthienyl)diazoalkanes (4) and (5) provides the first route to thieno[32-d]- and 
thieno [2.3-d] -[1 ,2]diazepines, (10) and (11) respectively. In contrast. 3-diazomethyl-4- (trans-2-phenyl-
ethenyl)thiophen (6) did not cyclise but gave carbene-derived products. The thieno[3H-1,2]diazepines (10) and 
(11) were converted by base into the isomeric thieno[4H-1,2]-diazepines (15) and (16) respectively and by u.v. 
irradiation into the diazeto[1 .4-a]thieno[c]pyrroles (21) and (22). Variable-temperature proton n.m.r. studies 
have shown that the energy barrier to ring inversion is lower for the thienodiazepines than for analogous benzo-
diazepines. 
THE 1,7-electrocyclic ring closure of x-(o-alkenylaryl)-
diazoalkanes (1) provides the only route to IH-2,3-
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H c  N OE -4 / EtOH 	c 
R' H 
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ation of the latter is the most versatile and convenient 
route to the 5H-isomers (3).2  The work described here 
is part of a programme undertaken to discover whether 
this principle could be used to synthesise new heterocyclic 
systems in which the I ,2-diazepine ring is fused to five- 
- 
CHN N
- 	 Ph 
 
C/ S :(~ Ph CI S~CC H






membered heteroaromatic rings. Thus we have ex- 
amined the reactions of the diazo-compounds (4)—(6); 
these were derived from p-tolylsulphonylhydrazone pre- 
cursors prepared from the aldehydes (7)—(9) which were 
synthesised by the routes shown in Schemes 1-3. 
The reactions of the diazo-compounds (4) and (5) 
exactly paralleled those of the aryl analogues (1) and 
gave the thieno[3,2-d][1,2]diazepine (10) and the thieno-
[2,3-d][1,2]diazepine (11) respectively in high yield. 




CHO Ac OH Q_~ Ph  me 
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SCHEME 1 
These products had very similar spectra to the 1H-2,3- 
benzodiazepines (2); 1  some comparative nm.r. data 
are shown in structures (12)—(14). The thieno[3H-1,2]- 
Bi 
CH3 	i . NBS—BZ207 CH7PPh3 
Br 	Ph3P O 
NaOEt PnCHO 







diazepines (10) and (11) were readily isomerised to the 
thieno[4H-1,2Jdiazepines (15) and (16) respectively by 
sodium ethoxide in ethanol. These compounds also 
had similar spectra to the benzo-analogue (17). 
Me 
O ~_ Ph 
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(C H2 N6 
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Br 




As expected both classes of thienodiazepines showed 
ring inversion; the n.m.r. coalescence temperature and 
AGt values calculated in the usual way 1  are given in 
(Ph 	 Ph 
Br B r 	CHO 	PhCH'Ph3 Br 	3 ii.HC0NM,2 ~ \ NcOU 	
(9) 
SCHEME 3 
Table 1, together with those of the similarly substituted 
2,3-benzodiazepines (12) and (17) for comparison. The 
values for the first set, the 3H-1,2-diazepines, are less 
planar in the transition state, and (ii) conjugative 
stabilisation of the planar transition state. The dif- 
TABLE 1 
Coalescence temperatures and free energies of activation 
for ring inversion of thieno- and benzo-[1,2]diazepines 
Compound 	 * 	AGI/kJ moll 
(12) 	102±10 72±2 
(10) 74±10 	66±2 
(11) 	 82±10 68±2 
55 ± 2 	65.6 ± 0.4 
—1 ± 2 53.4 ± 0.4 
—7 ± 2 	51.8 ± 0.4 
• Temperature of coalescence for the methylene protons. 
ferences in (1) between the benzo- and thieno-diazepines 
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precise because of the greater difficulty in determining 
T0 when the chemical-shift difference is high. 
It can be seen that for both diazepine classes the AGI 
& 695.. 
H 	Ph 83-05 
N 
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284 
642 ppm 
(13) 	(10) 	 (14) 	(11) 
values are lower for the thieno- than the benzo-diazepines, 
the difference being greater for the 4H-1,2-diazepines 
(15)—(17) (Ca. 12-14 kJ mol 1) than for the 3H-isomers 
(10)—(12) (Ca. 4-6 kJ mo!'). There are several factors 
which affect the inversion barrier in these systems, e.g. 
(i) changes in both angle strain and in non-bonded 
interactions as the preferred 'bent' conformer becomes 
first the changes in angle strain: a Dreiding model shows 
that the non-annelated diazepine ring (19) can pucker so 
that in its' bent 'form all the angles have approximately 
their preferred values so that the angle 0 between the 
external bonds on the d side is close to 600  as shown in the 
projection (19a). Thus the fusion of a benzene ring 
(18a) will contribute no extra angle strain but the fusion 
of a thiophen ring (18b) will have some destabilising 
effect. When the diazepine ring is flattened in the 
transition state for inversion (19b) the ring angles 
increase (to 128° for a symmetrical ring) and 0 is com-
pressed to Ca. 51°; this will be resisted by the fused 
TABLE 2 
Mass spectra of thieno[1,2]diazepines 
Compound 	 ni/c (% Relative abundance) 
228 (4), 198 (100), 19 (80), 171 (12), 185 (32), 
153 (8), 152 (12), 139 (5), 121 (7), 98 (8) 
226 (3), 198 (100), 197 (77), 171 (16). 165 (36), 
153 (9), 152 (13), 139 (9), 121 (9), 98 (9) 
228 (90), 123 (80), 103 (17), 98 (100), 28 (50) 
226 (100), 123 (50), 103 (10), 96 (80), 28 (42) 
benzene ring but more readily accommodated by the 
fused thiophen ring. Thus in terms of angle strain the 
effect of substituting the thieno- for the benzo-ring is to 
destabilise the 'bent' form and stabilise the planar 
transition state for inversion. A similar effect is 
predictable for non-bonded interactions: it was sug-
gested 1  for the 5H-benzodiazepines (20) that the inter-
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important since when X = H, Me, and p-tolyl iGX values 
are 65.6, 	83.2, 	and 92.4 kJ mot-' respectively. 	A 
Dreiding model shows that even when X = H this 
interaction may still make some contribution to XG 
H  
Ph 
99 — N 
 
H 








6c 5)— -H 
5 	H H  
- 	(22)  
since the hydrogens approach to 2.1 A in the planar state, 
which is within the sum of their van der Waals radii 
(2.4 A). In the analogous thienodiazepines this inter-
action will be less important, e.g. in (16) due to the 
absence of a hydrogen at the 8-position and in (15) due 
to the reduced size of the fused ring and hence the 
Ph 	 rPh 
CHWZ 	
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dimer (34 °1.) 
greater separation of the hydrogens. A similar argu-
ment would be expected to apply to the 3H-1,2-diaz-
epines (12), (10), and (11) but the sensitivity of this system 
to the effect is not known since no 1H-2,3-benzodiaz-
epines (2) with substituents at the 5-position have been 
synthesised. 
The thieno[3H-1,2]diazepines (10) and (11) were 
readily converted into the diazetothienopyrroles (21) and 








daylight or u.v. radiation. Again the product struc-
tures were deduced by comparison of their spectra with 
those of the benzo-analogues. 3 
Although the diazo-compounds (4) and (5) cyclised 
readily to give diazepines the analogous compound (6) 
did not. We had hoped that there would be sufficient 
7r-electron delocalisation in thiophen to make the double-
bond character of the 3,4-bond high enough to allow the 
electrocyclic ring closure to proceed as shown formally 
for one of the dipolar canonical forms (23), but in the 
reaction the red colour of the diazo-compound persisted 
for much longer than with (4) or (5) and it gave typical 
aryl carbene products: the azine (24), solvent insertion 
products (25) and (26), and material which from its mass 
spectrum appears to be a carbene 'dimer'. 
The cyclisations of diazo-compounds of types (4) and 
(5) thus provide a route to the new heterocyclic systems 
the thieno[3,2-d]- and thieno[2,3-d]-[1 ,2]diazepines (10) 
and (11). The substituent patterns of these diazepines 
should be capable of considerable variation by straight-
forward modification or extension of the synthetic path-
ways shown in Schemes 1 and 2. 
EXPERIMENTAL 
1H N.m.r. spectra were obtained on a Varian HA 100 
spectrometer and 13C n.m.r. spectra on a Varian CFT 20 
spectrometer. Chemical shifts are recorded as p.p.m. 
downfield from internal tetramethylsilane. In the variable-
temperature experiments the probe temperature was 
determined from the chemical shift difference between the 
methylene and hydroxy protons of ethylene glycol. Mass 
spectra were obtained with an A.E.I. MS 902 (70 eV) using 
a direct insertion probe. 
The ethanol used for the Wittig reactions and for the 
preparation of the tosythydrazone salts was dried by the 
magnesium method , 4 and 1,2-dimethoxyethane was distilled 
under nitrogen from calcium hydride. Chromatographic 
separations were carried out by the medium-pressure 
technique using either 1 000 x 15 or 1 000 x 25 mm 
columns packed with Merck Kieselgel 60. 
4-Phenyl-5H-2,3-benzodiazepine ( 17) (with C. D. Anderson). 
-A solution of 4-phenyl-lH-2,3-benzodiazepine 1  (1.93 g) 
and sodium ethoxide [from sodium (0.202 g)] in ethanol 
(100 ml) was boiled under reflux for 3 h. The ethanol was 
then evaporated under reduced pressure and benzene (100 
ml) was added. After washing with water (2 x 50 ml) and 
drying, the solvent was evaporated under reduced pressure 
to give 4-phenyl-514-2,3-benrodiazepine ( 1.20 g, 66%), m.p. 
108-110°C (from ethanol) (Found: C, 81.8; H, 5.45; N, 
12.7. C 15H 12N2 requires C, 81.65; H, 5.6; N, 12.7%); 8 
(CDCI 3 at 65 °C) 3.56 br (s, 5-CH 2), 7.1-7.5 (7 H, m), and 
7.7-8.0 (2 H, m); on heating the 8 3.56 singlet sharpened 
and on cooling to -50 °C it separated to give a pair of 
doublets at 8 2.96 and 4.06 (J 12.5 Hz), coalescence tem-
perature = 55 ± 2 °C. 
3-Formyl-4-(trans-2-phenyletlienyl)thiophen A zine.-3-
Formyl-4-(trans-2-phenylethenyl)thiophen (0.32 g) was 
dissolved in ethanol (3 ml) and heated to 50 °C. Hydrazine 
hydrate (0.17 g) was added followed by one drop of con-
centrated hydrochloric acid. A yellow solid was formed at 
once; this was crystallised from ethanol to give the azine 
(0.21 g, 67%), rn.p. 195-197 °C (Found: C, 73.3; H, 4.6; 
N. 6.5. C26H20N2S2 requires C, 73.6; H. 4.75; N, 6.6%);  
8H (C613 6) 8.93 (s, 2 x CH=N) and 7.08-7.86 (18 H, m, 
aromatic). 
Preparation of Formyl-(trans-2-phenylethenyl)lhiopliens. 
(i) 3-Formyl-2-(trans-2-phenylethenyl)thiophen ( 7).-3- 
Met hyl-2-(trans-2-phenylet henyl)thiophen. A solution of 
sodium ethoxide [from sodium (2.76 g)] in ethanol (45 ml) 
was added during 30 min to a mixture of benzyltriphenyl-
phosphonium bromide (44.9 g) and 2-formyl-3-methylthio-
phen (15.0 g) in ethanol (50 ml) maintained at 30 °C. The 
reaction mixture was then held at 50°C for 14 h. The usual 
work-up and chromatography (alumina, 10 vol % ether in 
light petroleum) to remove triphenylphosphine oxide gave 
a brown oil (23.3 g) containing the cis- and trans-isomers 
(g.l.c., 24% OVI, 182 °C). A solution of this oil (23.0 g) and 
iodine (0.05 g) in heptane (110 ml) was boiled under reflux 
for 80 min when the cis-isomer was <2%. After evapor-
ation the residue was dissolved in chloroform (100 ml) and 
washed with aqueous sodium thiosulphate (1% w/v; 100 
100 ml), then with water and then dried and evaporated 
under reduced pressure to give a brown oil (21 g). Chroma-
tography (alumina. 10 vol % ether in light petroleum) gave 
3-methyl-2- (trans- 2-phenylethenyl) thiophen (10.39 g, 43%), 
m.p. 52-53 °C (from ethanol) (Found: C, 78.2; H, 6.2. 
C13H 13S requires C, 77.95; H, 6.0%); 8H  (CDCI 3) 2.29 (s, 
Me) and 6.6-7.4 (m, 9 H). 
The hexamethylenetetramine salt of 3-bromomethyl-2-
(trans-2-phenylethenyl)thiophen. 3-Methyl-2-(trans-2-
phenylethenyl)thiophen (12.25 g) and benzoyl peroxide 
(0.25 g) were dissolved in carbon tetrachloride (120 ml) and 
heated to reflux when a mixture N-bromosuccinimide (11.10 
g) and benzoyl peroxide (0.25 g) were added in one batch. 
The mixture was boiled under reflux for 4 h, cooled, and 
filtered to remove succinimide. Evaporation of the solvent 
under reduced pressure gave a dark green oil (17.0 g, 98%) 
which was shown by n.m.r. spectroscopy to contain 3-
bromomethyl-2-(trans-2-phenylethenyl)thiophen 8 4.58 
(CH.) and several contaminants (5-10%) which were 
probably materials brominated in the thiophen ring. The 
whole product and hexamine (8.6 g) in chloroform (70 ml) 
were boiled under reflux for 2 h. The volume was reduced 
by one half by evaporation under reduced pressure and 
ether (30 ml) Was added. After standing at room tempera-
ture the hex amethylenetetramine salt was filtered off, 
washed with ether, and dried in vacuo (20.3 g, 79%), m.p. 
170-171 °C; this product was contaminated with ca. 5% 
of the salt of 5-bromo-3-bromomethyl-2-(irans-2-phenyl-
ethenyl)thiophen which could not be removed by recrystal-
lisation so the crude material was used for the next stage. 
3-Formyl-2-(trans-2-phenylethenyl)thiophen ( 7). The 
crude salt from the previous experiment (19.8 g) and 
aqueous acetic acid (50 vol %. 44 ml) were boiled under 
reflux with stirring for 2 h; a solution of hydrochloric acid 
(11.5 ml) in water (17.5 ml) was added and the mixture was 
boiled for a further 5 mm. After cooling the mixture was 
extracted with ether (3 x 60 ml) and the extract washed 
with aqueous potassium carbonate (5% w/v) and dried. 
Evaporation of the solvent under reduced pressure gave a 
red oil (9.8 g) which was chromatographed (silica, 20 vol % 
ether in light petroleum) to give (a) 5-bromo-3-formyl-2-
(trans-2-phenylethenyl)thiophen (0.22 g, ca. 2%), m.p. 
61-62 °C (from propan-2-ol) (Found: C, 53.5; H, 3.1. 
C13H9BrOS requires C, 53.3; H, 3.1%); 8H  (CDCI 3) 6.97 
(d, J 15 Hz, styryl H). 7.18-7.55 (6 H, m, aromatic), 7.80 
(d, J 15 Hz, styryl H), and 9.96 (s, CHO); (Nujol) 
1 667 cm' (C0): 'and (b) 3-formyl-2-(trans-2-phenyl- 
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ethenyl)thiophen (4.9 g, 49%), m.p. 29-32 °C (from 
methanol) (Found: C, 72.75; H, 4.7. C13H100S requires 
C, 72.9; H, 4.7%); 8  (CDCl) 7.0-7.55 (8 H, m), 7.90 (d, 
J 16 Hz, styryl.H), and 10.10 (s, CHO); v (Nujol) 1 670 
cm' (C=O). The latter aldehyde was converted into its p-
tolylsulphonylhydrazone by the usual method 5 in 77% 
yield, m.p. 143-145 °C (from ethanol) (Found: C, 62.65; 
H, 4.8; N. 7.3. CaOH L8N.SOSSI requires C, 62.8; H, 4.7; 
N, 7.3%); 8H  (CDCI2) 2.32 (s, CH,,), 4.78-7.45 (11 H, m), 
7.83 (2 H, d, J 8Hz), 8.04 (s, CH=N),. and 8.56br (s, NH); 
v (Nujol) 3 200 br cm' (NH). 
2-Formyl-3-(trans-2-phenylethenyt)thiojPhen ( 8). 2-
Bromo-3-(trans-2-phenylethenyl)14iophen. A solution of 
sodium ethoxide [from sodium (2.28 g)] in ethanol (60 ml) 
was added with stirring during 1 h to a mixture of 2-bromo-
3-thienylmethyitriphenyiphosphonium bromide 6 (50.0 g) 
and benzaldehyde (10.3 g) in ethanol (100 ml) at room 
temperature. After 1 h at room temperature and 1 h at 
35 °C the usual work-up and chromatography gave an oil 
(21 g) from which the trans-isomer (Ca. 3 g) crystallised out. 
The residual oil was isomerised with iodine in boiling heptane 
(100 ml); g.l.c. (2% OVI, 190 °C) showed that the cis- and 
trans-isomers reached equilibrium after Ca. 4 h (trans: cis 
2.5). Work-up and chromatography (alumina, light 
petroleum as eluant) and a repeated isomerisation of the 
separated cis-isomer gave 2-bromo-3- (trans-2-phenylethenyl) - 
thiophen ( total yield 14.9 g, 58%), m.p. 78-80 °C (from 
ethanol) (Found: C, 54.6; H, 3.4. C12FI 9 BrS requires C, 
54.35; H, 3.4%); 8 (CDC1 3) 6.8-8.5 (m). 
3-Fonnyl-3-(trans-2-phenylethenyl)thiophen ( 8). A Grig-
nard reagent was prepared by stirring a mixture of 2-bromo-
3-(trans-2-phenylethenyl)thiophen (7.0 g) and magnesium 
(0.72 g) in tetrahydrofuran (20 ml) for 5 h at room tempera-
ture followed by 1 h at reflux. Dimethylformamide (2.0 g) 
was added at room temperature and the mixture was 
stirred for 12 h. Work-up by hydrolysis with saturated 
aqueous ammonium chloride (20 ml) and extraction with 
ether gave after evaporation under reduced pressure a red 
oil (6.1 g) which was chromatographed (silica, 20 vol % 
ether in light petroleum) to give (i) 3-(trans-2-phenyl-
thAnyflthioPhen (0.89 g, 18%), m.p 126-127 °C (from 
ethanol) (Found: C, 77.2; H, 5.4. ( 121-1 10S requires C, 
77.35; H, 5.4%); SH (CDCI 3) 6.88 (d., J 16 Hz, I H) and 
7.0-7.5 (in, 9 H); (ii) 2-formyl-3-(lrans-2-phenylethenyl)-
thiophen (3.10 g, 55%). m.p. 72-43 °C (from ethanol) 
(Found: C, 72.7; H, 4.7. C13H100S requires C, 72.9; H, 
4.7%), 8 (CDC1 3) 7.07 (d, J 16 Hz, 1 H) 7.2-7.8 (m, 7 H), 
7.62 (d, J 16 Hz, 1 H), and 10.13 (s, CHO); (Nujol) 
1 652 cm' (C0). The aldehyde was converted into it 
p-tolylsylphonylhydrazone by the usual method 5 in 83% 
yield. m.p. 127-129 °C (from ethanol) (Found: C, 62.6: 
H, 4.7; N, 7.2 C20H 18N505S5 requires C, 62.8; H, 4.7; 
N. 7.3%); 6 (CDCI 3) 2.31 (s, Me), 6.86 (d. J 16 Hz, styryl 
H), 7.1-7.4 (10 H, m), 7.72(2 H, d, J 8Hz), 8.2 (s, CHN), 
and 8.34 (s, NH), (Nujol) 3 210 cm -1 (NH). 
3-Formyl-4-(trans-2-phenyleIhenyl)thiohen ( 9). 4-
Bromo-3-(trans-2-phenylethenyl)thiophen. A solution of 
sodium ethoxide [from sodium (0.862 5 g)] in ethanol (45 ml) 
was added with stirring during 1 h to a solution of 4-bromo-
3-formylthiophen 7  (7.0 g) and benzyltriphenylphosphonium 
bromide (15.9 g) in ethanol (30 ml) at room temperature. 
The mixture was then heated at 60 °C for 30 min and 
stirred at room temperature overnight. The usual work-up 
and chromatography gave a yellow oil (10.2 g), containing 
the cis- and trans-isomers (g.l.c., 2:5% OVI, 190 °C). A 
solution of this oil and iodine (Ca. 0.1 g) in heptane (50 ml) 
was boiled under reflux for 10.5 h and worked up to give 
4-bromo-3-(trans-2-phenylethenyl)thiophen ( 6.5 g, 67%), m.p. 
50-52 °C (from ethanol) (Found: C, 54.6; H, 3.4. C12H9 -
BrS requires C, 54.35; H, 3.4%); 61 (CDCI 3) 7.05 (d, J 
2 Hz) and 7.16-7.53 (m). 
3-Formyl-4-(trans-2-phenylethenyl)thiophen ( 9). 4-
Bromo-3- (trans-2-phenylethenyl)thiophen (6.5 g) in ether 
(20 ml) was cooled to -70 °C and a solution of butyl-
lithium (1.6M in hexane; 17.6 ml) was added with stirring 
during 5 mm. After a further 5 min dimethylformamide 
(2.8 ml) was added, the reaction mixture was then allowed 
to warm to room temperature and was stirred overnight. 
Aqueous ammonium chloride (saturated, 90 ml) was added 
and the mixture was extracted with benzene (2 x 60 ml). 
The extract was washed with water, dried, and evaporated 
under reduced pressure to give a brown oil which was 
chromatographed (silica, 15 vol % ether in light petroleum) 
to give (a) 3-(trans-2-phenylelhenyl)thiophen (0.34 g), m.p. 
126-127 °C identical with the sample obtained above, (b) 
3-formyl-4-(trans-2-phenylethenyl)thiophen ( 2.80 g, 53%), 
m.p. 107-108 °C (from ethanol) (Found: C. 72.7; H, 4.7 
C13H100S requires C, 72.9; H, 4.7%); 6H  (CDC13) 6.98 (d. 
J 16 Hz, styryl H), 7.2-7.6 (6 H, m), 7.72 (d, J 16 Hz, 
styryl H), 8.03 (d, J 3 Hz. 2-H), and 9.98 (s, CHO); 
(Nujol) 1 680 cm' (C=O). This compound was converted 
into its p-tolylsulphonylhydrazone by the usual method 
in 72% yield, m.p. 175-176.5 °C (from ethanol) (Found: 
C, 62.8; H, 4.7; N, 7.2. C20H 18N202S2 requires C, 62.8; 
H, 4.7; N, 7.3%); 8 [(CD 3) 2C0] 2.29 (s, Me), 6.91-7.89 
(14 H, m), and 8.14(s, CHN); (Nujol) 3 220 cm' (NH). 
Preparation and Decomposition of the p-Tolylsulphonyl-
hydrazone Sodium Salts-The sodium salts were prepared 
and dried as described previously 1.6  and decomposed in dry 
1,2-dimethoxyethane in the d,ark under nitrogen. The 
reactions were continued until t.l.c. showed that all the 
reactant had been consumed and any red colour due to the 
diazo-intermediate had been discharged. After cooling the 
precipitated sodium toluene-p-sulphinate was filtered off 
and the other products isolated as described. 
Preparation of Thienodiazepines.-2-Phenyl-5H-thieno-
[2,3-d][1,2]diazep 4ne (ii). 2-Formvl-3-(trans-2-phenyl-
ethenyl)thiophen tosvlhydrazone (2.04 g) sodium salt in 1,2-
dimethoxyethane (80 ml) was heated at 60-70 °C for 70 
min and worked up to give a brown oil. This was chromato-
graphed (silica, 50 vol % ether in light petroleum) to give 
2-phenyl-5H-lhieno[2, 3-d] [1, 2]diazepine (0.79 g, 65%) as 
yellow crystals, m.p. 117-119 °C (from propan-2-ol) 
(Found: C, 68.6; H, 4.35; N. 12.3. C 13H 10N2S requires 
C, 69.0; H, 4.45; N, 12.4%); 6 (CDCI 3 at 28 °C) 2.84br 
[d, J 10 Hz, 5-H (quasi ax)], 6.52br [d, J 10 Hz, 5-H (quasi 
equ)], 6.84 (s, 1-H). 7.12 (d, J 5 Hz, 8-H), 7.22 (d, J 5 Hz, 
7-H), 7.3-7.5 (3 H, m, tn- and p-phenyl). 7.82 (2 H, m, o-
phenyl), the coalescence temperature for the 6 2.84 and 8.52 
doublets was 82 ± 10 °C (iGt = 68 ± 2 kJ mol'); So 
(CDCI 3). 64.2 (C-5), 108.8 (C-l), 154.4 (C-2), 124.4 (tert.) 
125.5. 125.9, 128.5, 128.8, 137.1 (tert.), and 137.3 (tert.). 
2-Phenyl- 1 H-t hieno[2, 3-d] [1, 2]diazepine (16). 2-Phenyl - 
5H-thieno[2,3-d][1,2]diazepine (0.4 g) in 1,2-dimethoxy-
ethane (10 ml) was added to a solution of sodium ethoxide 
[from sodium (0.040 3 g)] in ethanol (15 ml) and the solution 
was stirred at 40 °C for 2 Ii when t.l.c. (silica, 30 vol % ether 
in light petroleum) showed that reaction was complete. 
Chromatography (silica, 30 vol % ether in light petroleum) 




ethanol to give 2-phenyl- 1 H-I hieno[2,3-d I [1, 2]diazepine 
(0.295 g, 74%), m.p. 133-134 °C (Found: C, 68.7; H, 
4.4; N, 12.2. C13H 10N2S requires C, 69.0; H, 4.45; N, 
12.4%); 8g (CDCI 3 at 28 °C) 3.54br (s, 1-CH,), 6.94 (d, 
J 5 Hz, 8-H), 7.26-7.42 (3 H, m, rn- and p-phenyl), 7.48 
(d, 1 5 Hz, 7-H), 7.74-7.92 (2 H, m, o-phenyl), and 8.47 
(s, 5-H), on heating to +65 °C the 6 3.54 singlet sharpened 
and on cooling to —60 °C it separated to give a pair of 
doublets at 8 2.71 and 4.37 (J 13 Hz), coalescence tempera-
ture = —7 ± 2 °C (iGX = 51.8 + 0.4 kJ mol'); 
(CDCI3) 30.9 (C-i), 151.4 (C-2), 142.7 (C-5), 141.9 (tert.), 
135.8, 131.9, 130.0, 128.6, 127.8. and 125.8. 
4-Phenyl- 1 H-Ihieno[3,2-d] [1, 2]diaze pine (10). 3-Formyl-
2-(trans-2-phenylethenyl) thiophen tosylhydrazone (6.72 g) 
sodium salt in 1,2-dimethoxyethane (180 ml) was heated at 
70 °C for 30 min and worked up to give a brown oil (4.1 g). 
This was chromatographed (silica, 10 vol % ether in light 
petroleum) to give 4-phenyl- 1H-Ihieno[3, 2-d] [I ,2]diaze pine 
(3.47 g. 87%), m.p. 76-77 °C (from propan-2-ol) (Found: 
C, 68.9; H, 4.4; N, 12.4. C 13H 10N2S requires C, 69.0; 
H, 4.45; N, 12.4%); 8 (CDCI 3 at 28 °C) 2.59br [d, J 
10 Hz, 1-H (quasi ax)], 6.55br [d, J 10 Hz, 1-H (quasi equ)], 
6.84 (s, 5-H), 7.02 (d, J 5 Hz, H-8), 7.28-7.42 (m, m- and 
p-phenyl), 7.48 (d, J 5 Hz, H-7), 7.14-7.88 (m, o-phenyl), 
on cooling to —20 °C the 8 2.59 and 6.55 doublets sharpened 
and on heating they broadened and coalesced at 74 ± 10 °C 
(AG: = 66 ± 2 kJ mol'); 6 (CDC1 3) 65.7 (C-i), 106.8 
(C-5), 151.9 (C-4), 125.4 (tert.), 126.0, 126.6, 128.6, 128.8, 
131.1, 137.0 (tert.), and 137.8 (tert.). 
• 4-Phenyl-5H-thieno[3,2-d] [1, 2]diaze pine (15). 4-Phenyl-
1H-thieno[3, 2-d] [1, 2]diazepine (3.0 g) in 1, 2-dimethoxy-
ethane (30 ml) was added to a solution of sodium ethoxide 
[from sodium (0.31 g)] in ethanol (150 ml) and the solution 
was stirred at 65 °C for 34 h when all the starting material 
had been consumed. Chromatography (silica, 50 vol % 
ether in light petroleum) gave (i) an intractable brown tar 
(0.41 g), and (ii) 4_phenyl-5H-thieno[3,2-d][1,2]diazePine 
(1.16 g, 39%), m.p. 124.5-125.5 °C (from ethanol) (Found: 
C, 68.8; H, 4.5; N, 12.3. C13H10N2S requires C, 69.0; H, 
4.45; N, 12.4%); 6 (CDCI 3 at 28 °C) 3.70br (s, 5-CH 2) 1  
7.05 (d, J 5 Hz, 8-14), 7.14 (d, J 5 Hz, 7-H), 7.30-7.44 
(m, rn- and p-phenyl), 7.72-7.92 (m, o-phenyl), and 8.46 
(s, 1-H); on heating to + 60 °C the 6 3.70 singlet sharpened 
and on cooling to —55 °C it separated into a pair of doublets 
at 8 3.05 and 4.44 (J 14 Hz), coalescence temperature 
= —1 ± 2 °C (iGX = 53.4 ± 0.4 kJ moll); ao (CDCI3) 
30.2 (C-5), 150.9 (C-4), 144.8 (C-i), 140.6 (tert.), 135.8 
(tert.), 130.1, 128.7, 127.7, 126.0, and 124.7. 
Thermal decomposition of the sodium salt of 3-formyl-4-
(trans-2-phenylethenyl)thiophen tosyihydrazone. The tosyl-
hydrazone (1.02 g) sodium salt in 1,2-dimethoxyethane 
(40 ml) was boiled under reflux for 40 mm; initially a red 
colour developed which then faded to leave a yellow solution 
and white precipitate. The usual work-up gave a brown 
oil shown by t.l.c. (silica, 15 vol % ether in light petroleum) 
to contain five components. Chromatography (silica, 
graded elution 5 vol % to 10 vol % ether in light pet-
roleum) gave (i) pale yellow crystals, m.p. 107-122 °C 
(0.18 g); rn/c 398(100), 305 (57), 271 (27), 227 (12), 197 (15), 
165 (15), and 115 (25%); Bj er 6.44-7.50 (m), (ii) bis-3-
formyl-4-(trans-2-phenylethenyl)thiophen azine (0.08g. 7%),  
m.p. 193-196 °C (from ethanol), identical with an authentic 
sample, (iii) 3-(2, 3-dimethoxypropyl)-4-(trans-2-phenyl-
ethenyl)thiophen (0.21 g, 27%) as a yellow oil which de-
composed on attempted distillation (Found: M 
288.116 733. C 7HOZS requires M, 288.118 394); 8 
(CDCI3) 2.90 (d, J 7 Hz, propyl l-CH 2), 3.30 (s, OMe), 3.38 
(s, OMe) partly superimposed on 6 3.82 (m, propyl CH and 
CH,), 6.96-7.60(9 H. m); rn/c 288 (100), 243 (30), 211 (67), 
200 (15), 199 (12), 197 (12), 184 (7), 185 (10), and 165(25%); 
(iii) 3-[2-(2-mthoxyethoxy)ethyl]-4-(trans-2-phenyl-
ethenyl)thiophen (0.11 g, 14%) as -a yellow oil (Found: M 
288.117 285. C 17H2002S requires 288.118 394); 8  (CDCI3) 
2.99 (t, J 7 Hz, ethyl i-CH.), 3.34 (s, OMe), 3.45-3.65 
(4 H, m) partly superimposed on 3.70 (t, J 7 Hz, CH.), 
6.93-7.50 (9 H, m); rn/c 288 (100). 243 (4), 213 (26), 212 
(51), 211 (34), 200 (15), 199 (16), 197 (18), 184 (20), and 
165 (29). 
Photolysis of Thienodiaze pines (10) and (11).—Irradiation 
was carried out through Pyrex at 0 °C under nitrogen with 
a 100 W Hanovia medium-pressure lamp. The yields were 
essentially quantitative (t.l.c. and fl.m.r.) and the products 
obtained by evaporation of the solvent in vacuo at room 
temperature and drying at Ca. 0.1 mmHg were analytically 
pure; attempted recrystallisation from ethanol resulted in 
decomposition. 
2-Phenyl-5H-thieno[2, 3-d][ 1, 2]diazepine (ii). The diaz-
epine (0.2 g) in cyclohexane (60 ml) was irradiated for 30 mm 
to give 4,7b-dihydro- 1-phenyldiazcto[1 .4-a]thieno[3,2-c]-
pyrrole (22) (0.1958g. 98%), m.p. 120-121.5°C (Found: 
C, 68.7; H, 4.4; N, 12.2. C 12H10N2S requires C, 69.0; H, 
4.35; N. 12.3%); 6u(C6D6) [assignments refer to structure 
(22)] 4. l8br (d, J 14 and Ca. 3 Hz, 4-H), 4.37(d of d, J 14 and 
3 Hz, 4'-11), 5.68 (t, J 3 Hz, 7b-H), 6.49 (d, J 5 Hz, 7-H), 
6.75 (d, J 5Hz, 6-H), 6.90-7.12 (3 H, m, m- and p-phenyl), 
and 7.32-7.45 (2 H, m, o-phenyl). 
4-Phenyl- 1H-thieno[3,2-d] [1 ;2]diazepine (10). The diaz-
epine (0.155 g) in cyclohexane (110 ml) was irradiated for 
10 min to give 2a,8-dihydro-2-phenyldiazeto[1 ,4-a]thieno-
[2,3-c]pyrrole (21) (0.151 g. 97%), m.p. 94.5-95.5 °C 
(Found: C, 68.8; H, 4.4; N, 12.7. C 13H 10N2S requires C, 
89.0; H, 4.35; N, 12.3%); 8 (C 6D6) [assignments refer to 
structure (21)] 4.14 (d of d, j 15 and 2Hz, 6-H), 4.34 (d of d, 
J 15 and 3 Hz, 6'-H), 5.86br (t, J 2-3 Hz, 2a-H), 6.27 
(d, J 5 Hz, I1-5), 6.80 (d, J 5 Hz, H-4), and 6.92-7.47 (5 H, 
m, phenyl). 
We thank the S.R.C. for a studentship (D. M.). 
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(d) R=R=Ph 	 (h) R=H, R=Ph 	Me 
We have differentiated between these alternatives by examining the reactions of the mono-
substituted E and Z isomers (6e-h). 	The E isomers (6e) and (6f) cyclised normally to give 
diazepines in 78% and 75% yields respectively, but the Z isomers (6g,h) under the same 
reaction conditions did not produce any detectable amounts of the diazepines. 	Thus it is 
clear for (6g,h) and by inference for (6a-d) that the bulk of the cis substituent so sterical' 
hinders the transition state for cyclisation that the diazocompounds are forced into other 
reaction paths. 	It is interesting to note that the balance between the cyclisation and 
carbenic alternatives in the decomposition of these diazo-compounds is much finer than for 3-
diazoalkenes, e.g. (7); the 6ir electron 1,5-cyclisation of the latter to give 3H-pyrazoles 
is not generally inhibited by cis methyl or phenyl substituents. 5 ' 6 
The alternative reaction paths taken by the non-cyclisable diazo-compounds fall into two 
categories: 	(i) those of type (6a,6b,6g) where R"=Me showed typical intermolecular diazo- 
compound reactions giving carbene/solvent insertion products, carbene dimers and azines in 
varying proportions depending on the nature of R; these will be detailed in the full report, 
and (ii) those of type (6c,6d,6h) where R"=Ph reacted by a new variant of intramolecular car-








Yield: RH, 37%; R=Me, 76%; RPh, 47% 
We thank the Science Research Council for support (D.P.M.). 
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(d) R=R=Ph 	 (h) R=H, R=Ph 	
Me 
We have differentiated between these alternatives by examining the reactions of the mono-
substituted E and Z isomers (6e-h). 	The E isomers (6e) and (6f) cyclised normally to give 
diazepines in 78% and 75% yields respectively, but the Z isomers (6g,h) under the same 
reaction conditions did not produce any detectable amounts of the diazepines. 	Thus it is 
clear for (69,h) and by inference for (6a-d) that the bulk of the cis substituent so sterical 
hinders the transition state for cyclisation that the diazocompounds are forced into other 
reaction paths. 	it is interesting to note that the balance between the cyclisation and 
carbenic alternatives in the decomposition of these diazo-compounds is much finer than for 3-
diazoalkenes, e.g. (7); the 6ir electron 1,5-cyclisation of the latter to give 3H-pyrazoles 
is not generally inhibited by cis methyl or phenyl substituents. 5 ' 6 
The alternative reaction paths taken by the non-cyclisable diazo-compounds fall into two 
categories: 	(i) those of type (6a,6b,6g) where R "=Me showed typical intermolecular diazo- 
compound reactions giving carbene/soivent insertion products, carbene 'dimers' and azines in 
varying proportions depending on the nature of R; theswil1 be detailed in the full report, 
and (ii) those of type (6c,6d,6h) where R"=Ph reacted by a new variant of intramolecular car-





Yield: 11=6, 37%; R=Me, 761; R=Ph, 471 
We thank the Science Research Council for support (D.P.M.). 
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